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INTRODUCTION 
In the human adult and in laboratory animals, behavior 
influences such autonomic functions as breathing, heart 
rate and heart rate variability. Motility patterns are also 
affected by the activity state of the brain. Newborns spend 
the majority of their time sleeping, but immediately after 
birth, different behavioral states are already recognisible 
in many species both during sleep and waking. So it is 
reasonable to assume that before birth different behavioral 
states are also present, particularly during the last part 
of gestation. Every pregnant woman is aware of the fact 
that her baby has certain periods of greater activity and 
other periods with less or even no activity at all. Long 
lasting fetal heart rate (FHR) tracings also show periods 
of high and low variability, which occur in perfectly 
healthy babies. 
The aim of this research was to study in the fetal sheep 
the influence of brain activity on physiological variables 
such as fetal breathing movements (FBM), fetal heart rate 
(FHR) and FHR variability, and fetal body movements. Fur-
thermore an attempt was made to study some of the mecha-
nisms by which brain activity affects heart rate. For this 
reason selective blockade of the autonomic nervous system 
(ANS) was performed either pharmacologically or surgically. 
The study was done in fetal sheep for several reasons. 
Important among these were that the physiology of the fetal 
lamb has been extensively studied, that major surgery is 
possible on fetal lambs without microsurgical techniques 
and that pregnancy can be expected to continue after fetal 
surgery in sheep in a much greater proportion of cases than 
in, for example, subhuman primates. 
As interspecies variance is considerable, and since the 
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lamb is much more mature at birth than the human infant, 
caution is necessary comparing the data obtained from labo-
ratory animals with observations in the human fetus. With 
above-mentioned restriction in mind, however, the results 
of this study are discussed in relation to available data 





In this chapter the literature on behavioral states will 
be briefly reviewed. As the fetus spends the majority of 
its time sleeping, the different sleep states are the major 
points of interest. In order to simplify the nomenclature 
used in this discussion, the term REM sleep will be used 
for that state which is also called paradoxical sleep, 
active sleep or behavioral state 2. NONREM sleep will be 
used to denote the state also referred to as quiet sleep, 
slow wave sleep or behavioral state 1. These several terms 
(e.g., NONREM sheep, slow wave sleep, state 1) are not 
exactly interchangeable, for the physiologic conditions 
they denote are defined on the basis of different observa-
tion and recording techniques leading to different "state* 
criteria. In the context of this discussion, however, the 
similarities between the polygraphic and behavioral states 
will be considered to outweigh their differences, and 
NONREM sleep will be taken as an approximate equivalent of 
behavioral state 1 and REM sleep of state 2. 
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with other physiological phenomena, distinguishing it from 
NONREM sleep: the EEG exhibited a low amplitude with high 
frequency; and muscle tone, especially of the long neck 
muscles, was very low. 
Despite the striking resemblance of the EEG pattern 
during REM sleep to the awake EEG, there was no wakefull-
ness. More detailed study of the electrical activity of the 
brain showed a difference in activity in the hippocampus. 
During REM sleep there was a low frequency (4-8 Hz) activi-
ty in this area which was mainly absent during the awake 
state (CADILHAC et al., 1961). 
REM sleep seems to have developed rather late in the 
phylogeny of vertebrates. Reptiles and amphibians do not 
have REM sleep (KLEIN, 1963; HERMANN et al., 1964). In 
birds only short periods of REM sleep could be observed 
(KLEIN, 1963). The highest development of REM sleep occurs 
in mammals and especially in the beasts of prey and man 
(SNYDER, 1966). An adult cat spends 30% of his sleeping 
time in REM sleep; and an adult human approximately 20% 
(KLEIN, 1963). 
Ontogenetically, however, the development of REM sleep 
appears to go in the opposite direction. In the human new-
born the REM state represents 50% of the total sleeping 
time, decreasing to 20% at maturity (ROFFWARG et al., 
1966) . For the cat those figures are respectively 80% and 
30% (KLEIN, 1963). 
In those species where REM sleep exists, it is of essen-
tial value. This has been shown in REM deprivation experi-
ments (JOUVET, 1965). Using the fundamental REM sleep fea-
ture of total relaxation of the long neck muscles, the ex-
perimenters placed the animal on a small platform surround-
ed by water. At the onset of REM sleep, the head dropped 
into the water and the animal woke up. REM sleep could be 
inhibited in this way for periods of days to two or three 
weeks. Initially, there was also a decrease in the amount 
of NONREM sleep state to about 80% of normal. After 12 
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hours of deprivation this state returned to the normal 
level. On leaving the platform the animal fell into a pro-
longed sleep which appeared to consist for 60% of REM 
sleep. This plateau was reached after 72 hours of depriva-
tion and was not exceeded, even when deprivation lasted for 
1 7 days. 
The increase in REM sleep was due to a slight increase 
in the average duration of individual REM periods (8 min-
utes vs 6 minutes in the controls) and especially to short-
er intervals between the periods of REM sleep. 
Thus, deprivation of REM sleep produced a large, prolon-
ged and selective increase in REM sleep during recupera-
tion, the so-called rebound effect. Furthermore, it was 
observed that during the recuperation period, the periods 
of REM sleep were not always preceded by a period of NONREM 
sleep. Under physiologic conditions, this is only seen in 
neonates of both laboratory animals and man (THEORELL et 
al. , 1973) . 
The occurrence of rapid eye movements themselves are 
also a very interesting phenomenon. They are not identical 
with the eye movements in the waking state; for REM's per-
sist in decorticated, pontine cats which cannot make eye 
movements in the waking state (JOUVET, 1965). REM's are 
also present during REM sleep in kittens immediately after 
birth when the animals are still blind (VALATX et al., 
1964). 
1.2 Sleep states and heart rate 
In the paper which first described REM's, ASERINSKY and 
KLEITMAN (1953) also reported that heart rate increased 
during REM sleep. This finding was confirmed later by other 
investigators (KAMIYA, 1961; SNYDER et al., 1964; KHATRI 
and PREIS, 1967; ALDREDGE and WELCH, 1973). Heart rate 
variability also increases during REM sleep (SNYDER et al., 
1964). In the human neonate, also, increases in heart rate 
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and heart rate variability occur during REM sleep (PRECHTL 
et al., 1968b; DEHAAN et al., 1977; HARPER et al., 1976; 
JUNGE, 1979) . The increase involves mainly the long term 
irregularity component of heart rate variability (i.e., 
oscillations in the heart rate at a frequency of 3-6 cycles 
per minute) (SIASSI et al., 1979; van GEIJN et al., 1980a). 
In the cat, an increase in heart rate was observed during 
REM sleep (EGBERT and KATONA, 1980). In chicken, where REM 
sleep is present for only 0.2% of sleeping time, a marked 
decrease in heart rate was found during these periods 
(KLEIN, 1963) 
1.3 Sleep states and breathing 
Breathing rate has been reported to increase during REM 
sleep in cats (REMMERS et al., 1976; OREM, 1978) and in 
dogs (PHILLIPSON et al., 1976). These investigators also 
observed a more irregular breathing pattern during REM 
sleep than in NONREM sleep. This irregularity in breathing 
pattern during REM sleep is very striking. Also, episodes 
of apnea are observed during the periods with irregular 
breathing. In man differing observations have been report-
ed. Breathing rate has been reported to be unchanged (ROBIN 
et al., 1958), to decrease (CATHALA and GUILLARD, 1961) and 
to increase (DURON, 1972). The disagreement in these obser-
vations can be partly explained by differences in the clas-
sification of the sleep states employed and by a lack of 
quantification of the breathing movements. It is now gener-
ally accepted that in man the breathing rate during REM 
sleep increases and is more irregular compared to that in 
NONREM sleep (OREM et al., 1977). 
Besides a quantitative difference in breathing during 
different sleep states, there is evidence that the differ-
ence is also qualitative. FINK et al. (1963) observed that 
awake human subjects, rendered hypocapnic by hyperventila-
tion, continue to breath rhythmically in presence of a 
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reduced Ра^Ог during recovery. If the hypocapnic subject 
fell asleep, however, apnea occurred. They concluded that 
wakefulness was the stimulus for the persistent breathing. 
The above mentioned study suggested that p
a
C02 does not 
play a major role in initiating respiratory drive during 
wakefulness. INGVAR (1979), however, believed that a low 
threshold for P
a
C02 during REM sleep (BÜLOW, 1963) is 
responsible for the irregularity of breathing. It was also 
observed that the activity of the intercostal muscles was 
different during the different sleep states. During NONREM 
sleep both phasic and tonic activity were present, while 
during REM sleep only phasic activity was seen (PRECHTL et 
al., 1977) . 
Another interesting finding supports the hypothesis that 
breathing differs qualitatively during the different 
states. NETICK et al. (1977) recorded activity in neurons 
which began to exhibit rhythmic discharge simultaneous with 
the cortical desynchron isat ion at the onset of REM sleep 
and ceased firing at arousal from this state. These neurons 
were essentially silent at all other times. They were loca-
ted in the area of giganto-cellular and lateral medullary 
tegmental fields. Furthermore, there was a high correlation 
between their discharge rate and respiratory frequency. 
1.4 Sleep states and the autonomic nervous system 
One would expect that the circulatory adjustments in the 
different sleep states are accomplished by changes in adre-
nergic and/or cholinergic tone. However, a clear concept 
fails to emerge from the different observations by several 
investigators in various species. 
An increased adrenergic activity during REM sleep was 
suggested by KHATRI and FREIS (1967). They monitored blood 
pressure, cardiac output and heart rate in healthy human 
adults during sleep. There was an increase in arterial 
pressure and heart rate during REM sleep. The changes in 
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cardiac output were variable. Previous studies, using other 
parameters such as alteration in free fatty acids in plasma 
(GOTTSCHALK et al., 1966) and changes in urine volume and 
osmolality (MANDELL et al., 1966), seem to be confirmed by 
the findings of KHATRI and FREIS. 
In cats, mainly myosis during REM sleep was observed 
with sometimes short periods of mydriasis (JOUVET, 1962; 
HODES, 1964; BERLUCCHI et al., 1964). These periods of 
widening the pupils during REM sleep persist after cervical 
sympathectomy. Thus, the mydriasis was due to relaxation of 
the sphincter, which is innervated by the cholinergic 
fibres of the oculomotor nerve, and not to activation of 
the dilatator fibers innervated via the cervical sympathet-
ic nerves (BERLQCCHI et al., 1964). This suggests mainly 
parasympathetic activity during REM sleep with short peri-
ods of decreased tone, instead of an increased sympathetic 
tone . 
Besides increased adrenergic activity (KHATRI and FREIS, 
1967) or an increased cholinergic activity (JOUVET, 1965) 
during REM sleep, there is also evidence for an increase in 
cholinergic tone during NONREM sleep in kittens (EGBERT and 
RATONA, 1980). This conclusion was reached on the basis of 
observations with different autonomic blocking agents. The 
net result, however, is the same as that observed by KHATRI 
and FREIS (1967) in man: that is, that the balance of auto-
nomic tone is shifted toward the adrenergic side in REM 
sleep, and toward the cholinergic side in NONREM sleep. 
1.5 Sleep states and central nervous system 
neurotransmitters 
Further investigation of the precise role of autonomic 
control of sleep states was done by monitoring the pathways 
associated with specific neurotransmitters. Norepinephrine 
appears to be connected with central nervous mechanisms 
controlling various aspects of vigilance and sleep (JONES, 
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1972; JOUVET, 1972; PUTKONEN, 1974). Suppression of REM 
sleep coincident with a fall in cerebral norepinephrine 
content following bilateral coagulation of the locus coeru-
leus (ROUSSEL et al., 1967) suggested that norepinephrine 
was involved m this state of sleep. This theory was elabo-
rated to include serotoninergic ( S-hydroxytryptamine) 
"priming", followed by "triggering" or "executive" acetyl-
cholinergic and noradrenergic mechanisms (JOUVET, 1969 ) . 
Thus, according JOUVET, the three neurotransmitters, nore-
pinephrine, serotonin and acetylcholine would, in succes-
sion or cooperation, all contribute to the realization of 
REM sleep. Other studies, however, have led to opposite 
conclusions, indicating a negative correlation between 
synaptic availability of norepinephrine and the amount of 
REM sleep (HARTMANN et al., 1971; STERN and MORGANE, 1974). 
A strong argument for the latter hypothesis of HARTMANN 
has been the finding that partial depletion of norepine-
phrine following inhibition its synthesis by alpha-methy1-
paratyrosine increases REM sleep in rats (HARTMANN et al., 
1971) and cats (KING and JEWETT, 1971). There are some 
doubts about those experiments, however, since KAFI et al. 
(1977) gave serial injections of alpha-methylparatyrosine 
and achieved greater depletion of catecholamines than that 
caused by single injections. This depletion produced a 
transient enhancement followed by a progressive decrease in 
REM sleep. JONES et al. (1977) reexamined the effects of 
massive locus coeruleus lesions. They reported normal 
amounts of REM sleep, with some qualitative changes, within 
the second postoperative week in spite of a persisting 
60-85% reduction in cerebral norepinephrine. Thus, the 
relationship between cerebral norepinephrine levels and REM 
sleep remains unsettled. 
Recognized alpha-adrenergic stimulants, such as cloni-
dine and xylazine, were found in cats to produce a dose-
dependent suppression of REM sleep with an increase in 
drowsy state (PUTKONEN, 1979). Both drugs also markedly 
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decreased NONREM sleep. A decrease in REM sleep after 
Clonidine has also been described in man (AUTRET et al., 
1977). 
Phentolamine, an alpha-adrenergic blocking drug, showed 
an exceptional ability to increase REM sleep in cats (PUT-
KONEN and LEPPÄVUORI, 1978). This increase was mainly in 
the durations of the periods of REM sleep. It was noted 
previously that REM sleep deprivation shortened the inter-
vals between REM sleep periods (JOUVET, 1965). The effect 
of phentolamine after REM sleep deprivation was exaggerat-
ed, with both an increase in the duration and shortening of 
the periods between REM sleep periods (PUTKONEN, 1979). 
The changes in sleep produced by Clonidine could be 
blocked by phentolamine, an alpha-antagonist (PUTKONEN, 
1979). From this observation, it was concluded, that the 
decrease in REM sleep after Clonidine was due to the alpha-
receptor stimulating property of Clonidine. 
In recent years the different effects observed for dif-
ferent alpha-receptor agonists have led to a division of 
alpha-receptors into two types (BERTHELSEN and PETTINGER, 
1977 ? STARKE, 1977) : 
1. The classic post-synaptic or alphas-type receptor, 
mediating vasoconstriction in the periphery and exci-
tatory responses in the cerebral cortical cells 
(BEVAN et al., 1977). 
2. Pre-synaptic or alpha2-type receptors, mediating ne-
gative feed-back inhibition of norepinephrine relea-
se and synthesis (STARKE, 1977). 
The alpha2-type receptor inhibits acetylcholine release 
in the cerebral cortex (BEANI et al., 1978). Clonidine and 
some other alpha-agonists exhibit a selective preference 
for alpha2-receptors (STARKE, 1977; WIKBERG, 1978). There 
is strong evidence for the existence of alpha2-receptors 
especially sensitive to Clonidine, which are located in 
noradrenergic neurons of the locus coeruleus (SVENSSON et 
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Now we can return to the hypothesis that norepinephrine 
is an essential factor in producing REM sleep (JOUVET, 
1972). This appears to be confirmed by the findings des-
cribed above. 
The desynchron i zed EEG during REM sleep and waking is 
associated with increased cortical acetylcholine liberation 
(JASPER and TESSIER, 1971). Alpha2-receptor-med i ated inhi-
bition of acetylcholine release (BEANI et al., 1978) could 
thus contribute to the REM sleep suppression. This intri-
cate interaction between noradrenergic and acetylcholiner-
gic systems is supported by the observation that the REM 
sleep-enhancing effect of phentolamine can be suppressed 
below control levels by combination with 75 microgram/kg 
atropine (PUTKONEN and LEPPÄVUORI 1977), suggesting that 
the effect of phentolamine on REM-sleep is due to its 
alpha2-blocking effect. 
ß-adrenergic antagonists such as propranolol decreased 
NONREM sleep in cats (HILAKIVI et al., 1978), but REM sleep 
was also reduced (PUTKONEN, 1979). In man, ß-adrenergic 
blockers have been reported to have no effect (GAILLARD and 
KAFI, 1978) and to cause a transient decrease (KAYED and 
GODTLIBSEN, 1977) in REM sleep. Thus, ß-receptors do not 
appear to have an important part in direct control of the 
normal sleep cycle (PUTKONEN, 1979). 
Recently many other neurotransmitters have been isola-
ted. Some, such as the opioid peptide enkephalins and 
neurotensin, were first isolated in the brain. Others, 
such as hypothalamic-releasing hormones and pituitary pep-
tides, were known but later recognized as potent neuro-
transmitters (SNYDER, 1984)). Their roles in behavioral 
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states are still unclear, but may be of considerable impor-
tance . 
1.6 Discussion 
The mechanisms producing and regulating the different 
sleep states are only partially worked out. On the other 
hand, there are some strong arguments in favor of the dual-
istic theory that REM sleep is qualitatively different from 
NONREM Sleep (JOUVET, 1965) 
1. Different regions of the brain stem and cortex are 
active during different sleep states. 
2. Behaviour and muscle tone are totally different in 
REM sleep and NONREM sleep. 
3. Phylogenetically, fully developed REM sleep exists 
only in mammals; REM sleep is present only in a prim-
itive form in birds, and not at all in reptiles, 
amphibians and fishes. 
4. Ontogenetically, REM sleep decreases during matura-
tion . 
5. During the first days after birth, transitions from 
REM sleep to awake and vice versa occur, whereas 
later, REM sleep is always preceded by a period of 
NONREM sleep. 
6. After REM sleep deprivation there is a rebound ef-
fect, which emphasizes the necessity of this sleep 
state. 
7. Neurochemical control of REM sleep is specific for 
this state; however, the intricate interaction of the 
different systems is not yet fully understood. 
Just as there are still many deficits in our understan-
ding of the mechanisms producing the REM sleep state, one 
can only guess about the function of REM sleep. MINKOWSKY 
(see JOUVET, 1965) considered REM sleep to be a relic of 
fetal sleep. He suggested that each different phase of 
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development does not completely disappear when the next one 
begins, and can interact according to the circumstances 
with the superimposed more highly differentiated adult com-
ponents. Also, REM sleep has been considered to be the 
state in which experiences, obtained during waking, are 
reevaluated and integrated in memory. The active inhibition 
of the motor nervous system serves as a protection of the 
individual, and blockade of this inhibition results in 
hallucinatory-like or oneiric behaviour, which is not 
corrected by external information (JOUVET, 1967). 
1.7 Fetal behavioral states 
As REM sleep represents a large part of sleep in young 
individuals, it was suggested that it should also be pres-
ent in the fetus (MINKOWSKY, cited by JOUVET, 1965). It has 
also seemed reasonable to suppose that other sleep, activi-
ty and/or behavioral states as well might be present during 
the fetal period, since these states can be detected in 
healthy term and near term neonates. Many investigators 
have attempted to record and describe fetal activity states 
in man (JOHN, 1967; STERMAN and HOPPENBROUWERS, 1971; 
SADOVSKY and POLISHUK, 1970; TIMOR-TRITSCH et al., 1978; 
JUNGE, 1979; DAWES et al., 1981; MARTIN, 1981; NIJHUIS et 
al., 1982). Especially fetal movements have been used wide-
ly for assesment of fetal behavioral state. These move-
ments, detected either by the mother (SADOVSKY and 
POLISHUK, 1970) or the observer with aid of a tocodynamo-
meter (TIMOR-TRITSCH et al., 1978) or real time ultrasound 
scanner (JUNGE, 1979; DAWES et al., 1981; NIJHUIS et al., 
1982), have been combined with variations in the fetal 
heart rate pattern to argue the existence of states. How-
ever, there is a strong correlation between certain fetal 
heart rate parameters (accelerations, baseline oscilla-
tions) and fetal movements (DAWES et al., 1981; VISSER et 
al., 1981); and when only these two items are used to eval-
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uate state, it is possible that only fluctuations in the 
level of somatic motility ("rest-activity cycle") are being 
studied, and not states. 
Another potential state variable is fetal breathing 
movements. These can be recorded in the human fetus with a 
tocodynamometer (AHLFELD, 1905; REIFFENSCHEID, 1911; TIMOR-
TRITSCH et al., 1979) or ultrasound techniques (BODDY and 
DAWES, 1975; BOTS et al., 197в а; and many others). Since 
breathing movements are not continually present during the 
fetal period, however, the usefulness of this variable as a 
state criterion is limited (NIJHUIS et al., 1982). 
Recently BOTS et al. (1981) described eye movements in 
the human fetus by means of real-time ultrasound scanning. 
Since the presence or absence of eye movements, and the 
type of eye movements present, are related to sleep and 
behavioral states, another possibility was thus added to 
the list of variables which could be used to study these 
states in the human fetus. NIJHUIS and coworkers (1982) 
took advantage of this finding to study fetal behavioral 
states. They were able to detect and define 4 states ana­
logous to 4 of the 5 states described in newborns (PRECHTL, 
1974). These behavioral states were present only after 36 
weeks of pregnancy. Before this time the variables appeared 
to cycle relatively independently from one another and no 
states could be detected. 
It is not yet possible to record the EEG of the human 
fetus except after the membranes have been ruptured and 
some degree of cervical dilatation has occurred (CARRETTI, 
1967; ROSEN et al., 1970; WILSON et al., 1979). Because 
parturition represents a time of stress and change for both 
fetus and mother, this period would seem to be less than 
ideal for behavioral state observations. 
Parallel evidence for the existence of behavioral states 
in the fetus has been obtained from laboratory animals. 
The data were obtained from physiological variables (elec-
trocorticogram, electrooculogram, heart rate, etc.) and not 
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from behavioral observations. As a result the states have 
been defined according to differing criteria depending on 
the variables studied. 
In the following sections, the literature about fetal 
electrocorticogr am (ECoG) (1.7.1), fetal breathing move-
ments (FBM) (1.7.2) and that about fetal heart rate and 
fetal heart rate variability (1.7.3) will be briefly 
reviewed. 
Observations on experimental animals will be compared 
with the results of studies on the human fetus. 
1.7.1 Fetal electrocorticograa 
The first recordings of fetal ECoG were obtained from 
exteriorized guinea pig fetuses (JASPER et al., 1937). Fol-
lowing the experiments on fetal lambs by BARCROFT and 
BARRON (1937) the physiologic activity of the brain of the 
sheep fetus has been studied in various ways, using both 
extra- and intrauterine methods. BERNARD et al. (1959) and 
EIDELBERG et al. (1965) recorded cortical potentials from 
unanaestheti zed fetal lambs under various experimental con-
ditions immediately after ceasarean section without 
disturbing the umbilical circulation. In 1970, DAWES and 
coworkers succeeded in obtaining the ECoG of fetal lambs in 
utero, as early as 115 days of gestation, using chronically 
implanted biparietal electrodes. Since then intrauterine 
ECoG recordings from fetal lambs have been studied by many 
investigators (JOST et al., 1972; RÜCKEBUSCH, 1972; 
RUCKEBUSCH et al., 1977; MANN et al., 1974; DALTON et al., 
1977; CLAPP et al., 1980; van der WILDT et al., 1981). 
The first electrocortical activity in fetal lambs was 
recorded as early as 80 days of gestation (0.6 of full 
term) (BERNARD et al., 1959). From 110 days of gestation 
(0.7 f.t.) dif ferentation into two types of electrocortical 
activity becomes evident (DAWES et al., 1970). These two 
main types of ECoG activity are described as Low Voltage 
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High Frequency (LVHF) ECoG, having an amplitude of less 
than 25 microvolts and predominantly fast activity (10-20 
H z ) , present 54-69% of the time; and High Voltage Low 
Frequency (HVLF) ECoG with an amplitude of 40-100 micro-
volts, and predominantly low frequency (3-12 Hz). The LVHF 
ECoG was similar to the pattern observed in fetuses deliv-
ered into a warm saline bath with intact umbilical circula-
tion. This pattern was accompanied by rapid eye movements, 
and was equated with REM sleep. In addition to the 2 main 
patterns, a third pattern with voltage intermediate between 
these 2 also has been described (intermediate or transi-
tional pattern) (NATALE et al., 1981). 
Intrauterine recordings of eye movements confirmed the 
extrauterine observations. It has been reported that the 
young neonatal lamb spends approximately 12% of his time in 
REM sleep and the adult sheep about 6% (JOUVET, 1967; 
RUCKEBOSCH, 1972). The fetal lamb in utero thus spends two 
or more times as much time in REM sleep state as the new-
born lamb: 30% (JOST et al., 1972), 54-69% (DAWES et al., 
1972), 30-40% (RUCKEBUSCH, 1972). 
Besides these two predominating activity states, an 
awake state has also been described (RUCKEBUSCH et al., 
1977). This state is marked by fetal movements, increase 
of the heart rate and a slight increase in the amplitude of 
the ECoG above the typical LVHF level. RUCKEBUSCH also 
observed that REM's did not always exist during LVHF ECoG, 
indicating that this ECoG pattern exceeded the REM sleep by 
about 10 to 25%. He concluded that the sheep fetus spends 
about 85% of the time in either "REM sleep" or "NONREM 
sleep" and 15% of the time in an awake state. It should be 
noted, however, that other investigators have not been able 
to distinguish the awake state described by RUCKEBUSCH. 
In summary: 
a. The ECoG activity of fetal sheep is differentiated in 
to LVHF ECoG and HVLF ECoG activity states, and a 
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transitional or intermediate pattern. 
b. Differentiation occurs at about 110-120 days of ge­
station (0.7 of full term). 
c. LVHF ECoG activity state is frequently accompanied by 
rapid eye movements (REM's). 
d. An awake state may exist in utero, accounting for 
about 15% of the time near term, and is characterized 
by a voltage amplitude of the ECoG between LV and HV, 
absence of eye movements and increase in FHR. 
e. The LVHF and HVLF ECoG activity patterns of the fetal 
lamb resemble approximately the EEG patterns observed 
in REM and NONREM sleep, respectively. 
1.7.2 Fetal ECoG and fetal breathing aovements 
After the first reports of fetal breathing movements by 
AHLFELD (1Θ88) it was long disputed whether or not these 
movements normally exist in utero. In 1905 AHLFELD recorded 
with a kymograph movements from the abdomen of normal 
healthy pregnant women, which he considered to be fetal 
breathing movements. Many subsequent investigators attemp­
ted to obtain evidence for the presence or absence of fetal 
breathing movements. WILDS (1978) reviewed the literature 
up to 1970. Most of the authors until that time denied the 
existence of breathing movements in the normal fetus. After 
AHLFELD, REIFFENSCHEID (1911) published tracings showing, 
simultaneously, intrauterine fetal breathing movements, 
maternal respiratory movements and maternal carotid pulse, 
all of which occurred at different rates. According to 
REIFFENSCHEID, the fact that in acute animal experiments 
one failed to to see fetal breathing movements could be 
explained on the basis that physiologic conditions no 
longer prevailed. The exposure would constitute a tremen­
dous peripheral stimulus on the fetus. He believed that the 
respiratory center, which ordinarily has a low threshold 
and responds to weak stimuli, would be overwhelmed and 
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paralysed by such a strong stimulus. The observations of 
AHLFELD and REIFFENSCHEID appear now to have been reliable; 
however, they were not so regarded by their contempocies. 
For example, FROMME, quoted by SNYDER (1949), stated: " It 
is to be urged that this doctrine finally vanishes until 
data are actually brought forth on living human or animal 
fetuses which demonstrate ad oculos these intrauterine 
respiratory movements which up to now are a completely 
vague assumption ". 
The required proof of these observations of AHLFELD and 
REIFFENSCHEID was reported by MERLET et al. (1970) and 
DAWES et al. (1970). MERLET and coworkers recorded fetal 
breathing movements by means of an indwelling catheter in 
the oesophagus of the fetal lamb. DAWES' group, using in-
tratracheal open tip catheters, recorded over long periods 
pressure changes in the thoracic cavity. Simultaneously 
they measured tracheal fluid flow by means of a flow trans-
ducer around the trachea. In addition, to confirm the nor-
mality of those breathing movements, they demonstrated that 
similar patterns of spontaneous breathing movements also 
could be observed in exteriorized fetal lambs under special 
experimental conditions. It was also observed in the exte-
riorized lamb that breathing movements only occur during 
what appeared to be REM sleep. Similar breathing patterns 
occurred in intrauterine preparations in which REM sleep 
was inferred from the fetal electrocorticogram (ECoG) and 
fetal electrooculogram (EOcG). Since 1970 many reports have 
confirmed these findings in fetal sheep (BODDY et al., 
1974; DALTON et al., 1977; van der WILDT et al., 1981). 
Breathing movements in the fetal lamb are associated 
with activity of the respiratory muscles, particularly the 
diaphragm and the lower intercostal muscles (DAWES et al., 
1972; MALONEY et al., 1975; CHAPMAN et al., 1980). Observa-
tions on fetal lambs after delivery into a warm saline bath 
with intact umbilical circulation revealed rapid irregular 
breathing characterized by inward movements of the thoracic 
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wall and extension of the abdomen (DAWES et al., 1972). 
Measurements with indwelling ultrasound transducers in the 
fetal lamb also demonstrated an inward movement of the tho-
racic wall (POORE and WALKER, 1980). It appears that con-
traction of the diaphragm attempts to enlarge the volume of 
the thoracic cavity; however, the high viscosity of the 
lung fluid and, possibly also, the high tonus of the laryn-
ged muscles (MALONEY et al., 1975) prevent this. Further-
more, it was also observed that the tracheal fluid flow is 
very low (DAWES et al., 1972; MALONEY et al., 1975). Conse-
quently the antero-posterior diameter of the chest dimin-
ishes, but this is not enough to prevent a pressure fall in 
the thoracic cavity. MALONEY and coworkers (1975) demon-
strated the relation between diaphragm activity and the 
negative deflections in the intratracheal pressure record-
ings. BAHORIC and CHERNICK (1975) recorded the activity of 
the phrenic nerve simultanuously with diaphragm activity. 
It was observed that the efferent activity of the phrenic 
nerve was synchronuous with diaphragm activity. The move-
ments of the diaphragm were not autonomous, but initiated 
by the CNS. 
In the fetal rhesus monkey, also, a cycling fetal brea-
thing pattern was observed (MARTIN et al., 1974). The fetal 
breathing movements occurred during periods when fetal eye 
movements (EOcG) and somatic movements were present; how-
ever, ECoG recordings satisfactory for analysis could not 
be obtained. Breathing movements were observed in fetal 
goats, but no ECoG activity was recorded in these experi-
ments (TOWELL and SALVADOR, 1974). Furthermore, intrauter-
ine breathing movements were observed during acute experi-
ments in fetal rabbits after the 2 0 t h day of gestation 
(PRONIN, 1965). The presence of breathing movements in the 
human fetus, and their relation to behavioral state, were 
cited in a previous section (1.7). Until now, no other 
species have been studied. 
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1.7.3 Petal ECoG, heart rate and heart rate variability 
Reports of many investigators concerning sleep states in 
relation to heart rate and heart rate variability have been 
published for the human adult ( SNYDER et al., 1964; KHATRI 
and FREIS, 1967; ALDREDGE and WELCH, 1973) and the human 
newborn (PRECHTL et al., 1968b; PRECHTL, 1968e; DEHAAN et 
al., 1977; HARPER et al., 1976; JUNGE, 1979; VAN GEIJN et 
al., 1980a) (see section 1.2.). However, since techniques 
for studying the human fetus in utero have been quite lim-
ited, the initial observations linking sleep state and 
heart rate parameters in the fetus were derived from exper-
iments in laboratory animals. 
In chronic sheep preparations, fetal ECoG and heart rate 
were recorded continuously by DAWES et al. (1972) and JOST 
et al. (1972) . JOST found a decrease in heart rate during 
LVHF ECoG activity state in comparision to the HV state. 
DAWES noted an increase in the heart rate during episodes 
of fetal breathing movements, which mainly occur during the 
LVHF ECoG activity state; but in a later publication 
(DAWES, 1973) he also described a decrease in the heart 
rate during LVHF ECoG activity state. DALTON et al. (1977) 
studied fetal breathing movements and their influence on 
fetal heart rate variability. These authors did not expli-
citly describe the heart rate in relation to ECoG activity 
state; however, their figures suggest an increase in heart 
rate during LVHF ECoG activity. On the other hand, in the 
same paper they plotted 2 hours of heart rate period data 
and their distribution according to whether or not fetal 
breathing movements were present. A markedly higher heart 
rate was demonstrated during periods without fetal breath-
ing movements, and these periods correspond mainly to the 
HVLF ECoG activity state. Others have also reported a 
decrease in heart rate during LVHF ECoG activity 
(RUCKEBUSCH et al., 1977; CLAPP et al., 1980). 
There seems to be no major disagreement about the obser-
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vation that the heart rate in the fetal lamb is related to 
the ECoG activity state, but quantitative analysis has not 
been done. Only DALTON et al. (1977) studied fetal heart 
rate variability to ECoG state, and they could find no con­
sistent relationship between these 2 variables. In the 
human fetus, the bandwidth of the FHR baseline oscillation 
was increased during behavioral states 2F, 3F and 4F in 
comparision to state IF (NIJHUIS et al., 1982); however, 
the association between changes in behavioral state and 
ECoG pattern in the human fetus must be inferred from 
observations in the neonate, since this has not been 
studied directly in the human fetus. 
1.7.4 Fetal breathing and heart rate variability 
DALTON et al. (1977) demonstrated a relationship between 
fetal breathing movements and beat-to-beat variability in 
fetal sheep. They observed an increased beat-to-beat varia­
bility with the onset of fetal breathing movements. WHEELER 
et al. (1980) and DAWES et al. (1981) found increased 
beat-to-beat FHR variability during periods of breathing in 
the human fetus; however, not all authors agree on this 
point (BOTS et al., 197в ь). 
1.7.5 Fetal movements 
A parameter which could be valuable for behavioral state 
assesment in the fetus is fetal movements. In the sheep 
fetus these have been studied by BARCROFT and BARRON 
(1937), RUCKEBUSCH et al. (1977) and NATALE et al. (1981). 
There appears to be a variety of movements which could be 
classified as single movements, complex movements and gross 
fetal activity. The type of movement could be inferred from 
electrodes placed in the neck muscles, triceps brachii and 
the long back muscles (RUCKEBUSCH et al., 1977). Single 
movements were seen during both LVHF ECoG and HVLF ECoG 
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activity states. Complex movements occurred in groups, 
especially during the HVLF ECoG activity state. Gross fetal 
activity was observed during the "awake state", and gross 
movements were also increased during the night (RUCKEBUSCH 
et al. , 1977) . 
Forelimb movements were studied by NATALE et al. (1981), 
using both electrodes and ultrasound transducers. They 
observed no diurnal variation in the number of fetal move-
ments. There was less activity during LVHF ECoG than in the 
other electrocortical activity states. The frequency of 
forelimb movements was increased during transition from the 
LVHF to the HVLF ECoG patterns. No evidence was found for a 
definite awake state. 
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CHAPTER II 
MATERIAL AND METHODS 
2.1 The Animal 
All experiments were carried out on fetal lambs of ewes 
of the Texel breed. The pregnant ewes were obtained from 
the farm of the Central Animal Laboratory of the Catholic 
University of Nijmegen. The conception date was known (see 
2.2) and the ewes remained at the farm until shortly before 
they were used. About three days before surgery, the animal 
was transported to the laboratory and was allowed to become 
conditioned to the new surroundings. Food and water were 
withheld during the last twelve hours before the operation. 
After the operation the ewe was allowed to recover for 
at least 5 days before experiments were performed. She was 
housed in a movable stall in which mild exercise was possi-
ble. Water and food was supplied d^^  1 ibi turn. Maternal con-
dition was checked by daily temperature measurement and 
observation. During the recovery period, the fetus was 
checked by daily fetal heart rate control and blood gas 
analys is. 
2.2 Dating 
The ram at the farm carried a harness with a dye marker 
on his belly. The ewes were inspected daily, and a color-
stained back was an indication that mating had taken place 
recently and the tentative conception date was noted. The 
color of the marker was changed every second week. If an 
ewe appeared to be colored again, the second mating date 
was considered to be the conception date. At operation, 
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however, the fetus occasionally was smaller than expected 
for the calculated gestational age. By means of the crite-
ria of NAAKTGEBOREN and STEGEMAN (1969) and the estrus 
cycle of the Texel sheep, (17 days), the conception date 
could be reconstructed. 
2.3 Operation 
2.3.1 Anesthesia 
Induction was performed with sodium pentothal (Pento-
thal r), 30 mg/kg intravenously. Next the ewe was intubated 
by means of a modified laryngoscope. 
After the ewe was fixed on the operating table in a 
slight tilt position, the tube was connected to a volume 
respirator (Engström ER 300) and general anesthesia was 
continued with a mixture of η itrousoxide/oxygen (2 : 1) 
together with halothane 0.5% to 1%. 
At the end of the operation 100% oxygen was supplied 
till the ewe started to breath spontaneously. The tube was 
removed and the animal was placed in the movable stall to 
recover. All through the operation the maternal condition 
was checked by continuous electrocardiographic monitoring. 
2.3.2 Skin preparation 
The abdominal wall of the ewe was shaved 
to the xyphoid process, including the right 
the skin was cleaned with an iodine solution 
least two times. 
2.3.3 Surgical procedure 
A paramedian incision was made from the udder to about 
5 cm above the umbilicus. This location was chosen to avoid 
the large udder vein which usually runs in the midline. 




This vein, however, is easily visible through the skin. 
Next a stab wound was made in the right flank and all 
catheters and electrodes were passed through it into the 
abdominal cavity. The position of the fetus within the 
uterus was assessed and with gentle manipulation the fetal 
head was positioned against the uterine wall below a coty-
ledon-free area with no major blood vessels. Then the uter-
ine wall was stretched between two Babcock clamps and a 
hysterotomy was performed with a diathermy blade under 
strict hemostatic conditions. The fetal head was exposed 
and the uterine wall was fixed to the skin of the fetus 
with Babcock clamps to avoid loss of amniotic fluid. 
With general anesthesia it was unnecessary to cover the 
snout of the fetus with a saline-filled glove as described 
by many authors. We never observed breathing movements 
during surgery, even when the entire head and forequarters 
were exposed. 
2.3.3.1 Bioelectric instrumentation 
Teflon-coated stainless steel electrodes (Cooner wire AS 
633) were used for the electrocorticogram (ECoG), electro-
oculogram (EOcG) and eleetromyogram (EMG). The choice for 
the stainless steel electrodes was made for several rea-
sons. The major advantage of this electrode is its strength 
and flexibility, combined with a small diameter (0.012 cm). 
It is a multifilament electrode, which is resistent to the 
many fetal movements during the experimental period; and it 
has been reported that the tissue reaction to this material 
is much less than to other electrode materials (FISCHER et 
al., 1957). Attemps to use silver/silver-chloride elec-
trodes all failed due to fracture of the electrode/wire 
connection. On the other hand the stainless steel elec-
trodes have a much higher tissue-electrode impedance than 
the silver/silver-chloride electrodes. This disadvantage 
has been largely eliminated by the better quality of the 
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Fig.2.1 Design of the electrode used for ECoG 
recording. 
amplifiers presently available. 
For the ECoG, two electrodes were implanted biparietal-
ly, 1 cm lateral from the sagittal suture. For this the 
scalp was incised and the periostium was removed from the 
parietal bones at the chosen sites. On each side a hole 1 
mm in diameter was drilled through the bone. The dura was 
sometimes perforated in the process. The coating was remov-
ed from the distal 4-5 mm of the electrode wire and a knot 
was placed about 1 cm proximally under a rubber disc (D=0.6 
cm),(see figure 2.1). The electrode was inserted until the 
knot was fixed in the borehole. The surrounding area was 
dried carefully, a drop of acrylic resin (Bison Superlijm, 
Perfecta Chemie B.V. Goes, the Netherlands) was added, and 
the rubber disc was fixed to the fetal skull. After birth, 
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in some cases 3 weeks after the operation, the electrodes 
were still firmly fixed in the skull of the lamb. 
Another pair of electrodes was stitched under the skin 
adjacent to the inner and outer canthi of the eyelids, to 
record eye movements. 
The long posterior neck muscles were exposed through a 
small incision close to the occiput, and another pair of 
electrodes was stitched into these muscles. To avoid inter­
ference from the ECG, the distance between the electrodes 
was about 3 mm. The localisation in the long neck muscles 
was based on the experiments of JOUVET (1965). The activity 
of these muscles appeared to be a characteristic parameter 
for the different sleep states in the adult cat. Studies in 
the sheep fetus confirmed that this was also true for the 
fetal sheep (RUCKEBUSCH, 1972). 
Finally, a reference electrode was stitched underneath 
the skin of the occiput. This reference electrode was used 
for all three electrode pairs. 
The electrocardiogram was obtained from silver/silver-
chloride electrodes stitched under the skin on both sides 
of the thorax, and a third electrode either on the sternum 
or on the back. The electrodes were fixed with silk sutu­
res . 
2.Э.Э.2 Pressure catheters 
Open end polyvinyl catheters (length 150 cm, I.D. 0.8 mm, 
O.D. 1.6 mm) were used throughout. An incision was made 
anteriorly in the neck from median under to lateral above, 
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off distally and a catheter was inserted centrad, also 
about 5 cm, and fixed with silk ligatures. 
The trachea was exposed by blunt dissection and a cathe­
ter was inserted for a distance of 6 cm, so that the tip of 
the catheter was situated above the tracheal bifurcation 
and within the thoracic cavity. The catheter was fixed to 
the trachea with a silk suture around one of the cartilage 
r ings. 
2.3.3.3 Vagotony 
Vagotomy was performed in six fetuses. With this method 
we could eliminate parasympathetic effects on the heart 
without using the cholinergic blocking agent atropine. This 
drug appeared to have a strong influence on the ECoG of the 
fetal lamb (see fig. 4.1). After dissection of the vagus 
from the carotid artery and the sympathetic pathways a part 
of the nerve was removed. The resected part was examined 
histologically. The completeness of the vagotomy was con­
firmed by administration of atropine to the fetus after the 
operation. One fetus (SH 4180) reacted to atropine with 
tachycardia, and it appeared later at post mortem examina­
tion that on one side the vagus was not completely resec­
ted. One lamb (SH 2880) delivered 5 days after the opera­
tion, one (SH 3480) died 5 days after the operation and one 
(SH 2280) did not show a discernible ECoG due to failure of 
one of the electrodes. So only two lambs in this group (SH 
37Θ0, SH 1780) remained for studies. 
2.3.4 End of the operation 
All electrodes and catheters were loosely fixed on the 
back of the fetus. This was done to prevent the fetus from 
becoming entangled in them. An amnion catheter was added at 
this stage. After the fetus was replaced in the uterus, the 
membranes and the myometrium were closed in two layers with 
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catgut (No. 1). Attention was paid that the uterus was not 
twisted during the surgical procedure. The abdominal wall 
was closed in two layers with mersilene (No. 5). The elec-
trodes and catheters were led by a series sutures to a 
pouch on the right flank of the ewe. 
2.4 Postoperative care 
2.4.1 Antibiotics 
In a l l c a s e s a n t i b i o t i c s were g i v e n a c c o r d i n g t h e f o l -
l o w i n g s c h e m e : 
During surgery: Ampici l l in , 1 g in the amniotic cav i ty . 
P e n i c i l l i n , 1,000,000 un i t s in the abdomen of the ewe. 
After surgery: Days 1 through 7, procaine p e n i c i l l i n , 500,000 u n i t s 
I.M. d a i l y . 
Streptomycin, 1 g I.M. daily. 
Furthermore, the flushing fluid in the catheters 
contained Ampicillin, 500 mg/1000 ml. 
Other antibiotics were given incidentally in cases of sep-
sis with positive cultures. 
2.4.2 Flushing of the catheters 
The arterial and the venous catheters were connected by 
means of extension catheters to infusion pumps which allow-
ed continuous flushing of the catheters at a flow rate of 1 
ml/hr. The flushing solution was physiologic saline con-
taining ampicillin (2.4.1) and héparine 5000 I.U./l. In 
this way the total heparin dose per 24 hours is about 240 
I.U. This is far below the therapeutic dose, which is about 
500 I.U. per kg body weight per day. On the other hand, it 
is unknown whether the enzyme heparinase is already active 
in the fetal liver. We did not observe any sign of bleeding 
during the experiments. 
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Fig.2.2 Experimental set up. 
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2.4.3 Nursing of the aninal 
After the operation the ewe was placed in her stall, and 
transported to the same room where she had been kept before 
the operation. The catheters were positioned in such a way 
that they could not be damaged by the ewe. The animal was 
allowed to eat hay and fodder pellets for pregnant rumi-
nants. Water was supplied freely. 
2.5 Registration equipment 
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was performed with 
From the three ECG electrodes, the two electrodes were 
selected which gave the most clearly discernible R-waves. 
The third electrode was used as a reference electrode. The 
signal was amplified and filtered (Hewlett Packard 8811A), 
displayed (2.6) and stored (2.7). 
The fetal cardiotachogram was obtained from the fetal 
ECG by a rate computer (Hewlett Packard 8812A). The calcu-
lated heart rate was displayed (2.6). 
2.5.2 Pressure registration 
The amniotic, arterial and tracheal catheters were con-
nected to extension catheters of polyethylene. The pressure 
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damping of this harder material is much less than the soft 
polyvinyl catheter. However, they are less satisfactory 
than polyvinyl for internal application because the much 
greater hazard of perforation of the vessel. 
The extension catheters were connected to pressure 
transducers (Hewlett Packard 1280C). These transducers were 
situated at the estimated level of the highest point of the 
fetus with the ewe standing. From the transducers the sig-
nals were led to amplifiers (Hewlett Packard 8805). The 
signals were displayed (2.6) and stored (2.7). Pressures 
are measured relative to the barometric pressure. As other 
pressure changes in or outside the uterus will influence 
the intrathoracic pressure, the amniotic pressure was sub-
tracted from the tracheal pressure before analysing the 
fetal breathing movements. Calibration was performed with 
an electronic calibration signal which in turn was cali-
brated with a mercury column. 
2.5.3 Blood saapling 
In order to determine the condition of the fetal lamb 
during the recordings, arterial blood samples were drawn 
from the indwelling carotid artery catheter under anaerobic 
conditions. The samples were stored at +4* centigrade and 
analysed as soon as possible, but always within 60 min. The 
analysis (pH, Pac02 a n d pa 02' w a s performed with an AVL 
automatic gas analyser. This apparatus was for practical 
reasons calibrated at 37° centigrade. Correction for baro-
metric pressure was automatically carried out by the ana-
lyser . 
2.6 Display of the signals 
All signals, including the calculated cardiotachogram 
(2.5.1), were displayed on an 8-channel strip chart record-
er (Hewlett Packard 7758A) running at a paper speed of 1.0 
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or 0.5 cm/min. Simultaneously the signals were displayed on 
an oscilloscope (Hewlett Packard 1309A) at a sweep speed of 
2.5 cm/sec for instantaneous observation of the higher 
frequency signals. 
2.7 Storage of the signals 
The signals were stored on magnetic tape, using an in-
strumentation tape recorder (Hewlett Packard 3968A) at a 
speed of 15/32 inches/sec (1.19 cm/sec) and a frequency 
range of 0 to 156 Hz. Readings from the counter of the tape 
recorder were noted frequently on the strip chart for later 
correlation of the recordings. Other checkpoints, such as 
calibrations, changes in position of the ewe and ECoG state 
changes, were also used for correlation. 
2.8 Signal analysis 
2.8.1 Data processing 
The analog signals, stored on the magnetic tape, were 
converted to digital signals by a computer (PDP 11 series). 
2.8.2 Data reduction 
The fetal ECG signal was filtered with a bandpass filter 
(15-30 Hz). The RR interval durations were measured with an 
accuracy of 0.3 msec by means of an R-wave detector. Next, 
heart rate parameters were calculated as medians over 
periods of 30 sec. In order to analyse the fetal heart rate 
in relation to fetal electrocorticogram (ECoG), the ECoG 
signal was simultaneously digitized at a sample frequency 
of 5 Hz. With this sampling frequency low voltage (LV) and 
high voltage (HV) ECoG were easily discernible (see e.g. 
f ig. 3.9). 
For the same reason, the tracheal and amniotic pressures 
47 
were digitized at a sample frequency of 5 Hz. The epochs of 
LV and HV ECoG as well the presence or absence of fetal 
breathing movements (FBM) were coded by visual analysis. 
The code list was added to the converted data, and the mean 
heart rate parameters were calculated for each epoch. Those 
parameters were stored on a magnetic digital tape. 
The EMG signal was rectified and filtered by a low pass 
filter of 2 Hz and digitized at a sample frequency of 10 
Hz.(see fig. 3.23) 
2.8.3 Artefact rejection of RR interval durations 
Movements of the fetal lamb during the recording period 
often produced artefacts in the ECG signal. Although the 
indices used are relatively insensitive to these artefacts, 
it is advisable to reject them as much as possible (JONGSMA 
et al. , 1980) . 
The method of artefact rejection has been described in 
detail by van GEIJN et al. (1980b) and will only be summa-
r i zed here. 
In the first instance, those RR intervals were accepted 
which met the critera: 
ti-o^aidi) < ti + 1 < ti+di 
di-ti-300 
in which tj^  and t^ + i are consecutive RR intervals 
The minimum value for d^ is 20 msec. 
For final acceptance of t^+i a minimum of three intervals 
that qualify by this formula must be present in succession. 
2.8.4 Calculation of the FHR variability indices 
For study of the FHR variability, the interval differen-
ce (ID) index and the long term irregularity (LTI) index 
were calculated. These indices were described by de HAAN 
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( 1 9 7 1 ) , JONGSMA et al. (1978) and van GEIJN et al. 
( 1 9 8 0 b ) . The ID index q u a n t i f i e s the d i f f e r e n c e between 
s u c c e s s i v e RR intervals over a period of 30 seconds and 
si m u l t a n e o u s l y takes into account the RR interval d u r a t i o n 
present at any moment during these 30 seconds (van GEIJN et 
a l . , 1 9 8 0 ь ) . The ID index is defined as the interquartile 
range over 30 seconds of 
Яі (ti-ti.T) (i = 2, • n) 
In this formula g^ is a weighting factor, depending on the 





For ti < 3 β 1 ms; gi=5 
_ 4 - 1 + t i 
with ti= 
(van GEYN et al., 1980 b) 
The LTI index quantifies the slower fluctuations of the 




(i = 2, n) 
(de HAAN, 1971) 
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2.9 Bxperinents 
2.9.1 Undisturbed recordings 
Of the 35 operated ewes 20 were available for experi-
ments (see section 3.1). Recordings were made for 4 to 6 
hours continuously, usually between 9.00 and 18.00 hours. 
All recordings analysed lasted at least 4 hours. Care was 
taken not to disturb the daily routine of the ewe in the 
stable. The recordings were obtained in the room where the 
ewe was kept, preferably with other sheep around her. Arte-
rial blood samples were taken at the beginning and the end 
of every recording and, if indicated, oftener. 
2.9.2 Autonomic blocking agents 
2.9.2.1 B-syapathetic blockade with propranolol 
Seven experiments were done in 3 animals. After a con-
trol period of at least 60 minutes, isoproterenol, 0.1 
microgram/kg estimated fetal weight (EFW), was given I.V. 
to demonstrate responsiviness. This was followed by propra-
nolol, 1 mg/kg EFW. To confirm the blockade, a second dose 
of isoproterenol was administered. Arterial blood samples 
were taken before and after the blockade and at the end of 
the registration. 
2.9.2.2 Parasympathetic blockade with atropine 
Seven experiments were done in 3 fetuses. After a test 
dose of acetylcholine, 1-2 microgram/kg EFW, atropine, 
0.5-1.0 mg/kg EFW, was given I.V. The blockade was confirm-
ed by second dose of acetylcholine. Arterial blood samples 
were taken before and after the blockade and at the end of 
the registration. 
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2.9.2.3 Parasyiipathetic denervation by aeans of vagotomy 
As described earlier (2.3.3.3) bilateral vagotomy was 
also employed to eliminate the parasympathetic influences 
on FHR. Two of the six vagotomized animals could be stu­
died . 
2.9.3 Carbonic anhydrase inhibition with acetazolaaide 
To study the effect of a gradual increase in fetal PCO2 
on the relationship between fetal breathing movements and 
ECoG states and FHR parameters, the carbonic anhydrase 
inhibitor acetazolamide (Diamoxc) was administered to the 
fetus. This drug has been shown to reduce CO2 transport 
across the placenta (GURTNER et al., 1972). This drug was 
administrated to 5 animals, 50 mg I.V. followed by infusion 
of 50 mg/hour. The control period lasted at least 2 hours. 
In three sheep a control period was recorded immediately 
before the infusion. In two other animals, a control recor­
ding was made the day before or after the experimental 
period at the same time of the day. 
Arterial blood samples were taken before the infusion, 
hourly during the infusion, and also an hour after the in­
fusion was stopped. 
2.10 Statistical analysis. 
Medians and interquartile ranges, and means and 
errors were calculated as appropriate for the 
under study. These are specified in the text, fig 
tables. For comparison of the parameters of varia 
Wilcoxon matched-pairs signed-ranks test was used 












Э.1 Quality of the chronic experimental animal 
Very few authors mention their success rates with chron­
ic fetal sheep preparations. If this is reported, it is 
restricted to specific surgical procedures (JACKSON and 
EGDAHL, I960; ABRAMS , 1972; BISSONNETTE et al., 1981). Com­
parison of the present results with data from the litera­
ture is therefore not possible. However, many things can 
and do go wrong (MURPHY'S LAW) during operation, recovery 
and the experimental period. We considered a preparation 
successful and available for study if the fetus survived at 
least 5 days after surgery in good condition as judged from 
pH and blood gas values. Further, usable signals from ECoG, 
ECG, tracheal and amniotic pressures had to be present. In 
our hands 19 out of 35 animals met these criteria (54.3%). 
The overall intrauterine survival was 10.6 days with a 
range of 2-24 days. The mean intrauterine survival of the 
successful animals was 13.2 days, ranging from 8 to 24 
days . 
Stabilization of fetal arterial blood gases occurs with­
in 24 hours after the operation, fetal breathing movements 
return more slowly and reach a plateau only after 2 to 3 
days (DAWES et al., 1972). Four days is the minimum postop­
erative interval necessary for recovery of fetal metabolism 
(JAMES et al., 1972). Thus for behavioral studies in fetal 
sheep, a recovery period of at least 5 days seemed advis­
able. Even then many sheep will deliver prematurely 5 to 7 
days after the operation (RUDOLPH and HEYMANN, 1973). 
For the reasons summarized above, we analyzed only those 
recordings which were obtained 5 days or more after the 
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In table 3.1 the animals are listed with their intraute-
rine survivals and fetal outcomes. Nine fetuses (1479, 
2379, 2479, 2679, 2380, 2079, 3480, 1180 and 2880) died or 
were delivered before the period of 5 days had passed and 
were not studied. Five fetuses (1479, 2379, 3079, 3579, 
3480) died in utero due to sepsis. The results of the cul-
tures are listed in Table 3.II. Sepsis was also suspected 
in fetus 3780; however, cultures obtained from the amniotic 
fluid and fetal blood did not show any growth. In fetus 
2679 intrauterine death was caused by a perforation of the 
carotid artery by the catheter. Fetus 2079 died suddenly 
and unexplainedly in utero. 
Six fetuses (2479, 2779, 2 179, 3279, 3679 and 4180) died 
during labor which occurred at night and was obstructed by 
the catheter and electrode bundle. 
One maternal death (2380) occurred two days after the 
operation because of an intestinal obstruction. There 
appeared to be a herniation of the bowel between the peri-
toneum and the skin. In seven fetuses (2779, 2179, 3079, 
TABLE 3.II Cultures of the lambe which died in uteroj sus-
































3479, 3779, 0380 and 2280) the ECoG and/or the ECG signal 
was not suitable for analysis. 
Signals obtained from the EOcG electrodes showed in most 
cases increased activity during LV ECoG. The form of these 
signals was not, however, that typically found with rapid 
eye movements. For this reason the EOcG was not analysed 
extensively in this study, and EOcG electrodes were not 
implanted after the first year of the project. 
3.2 Electrocorticogram 
It has been reported that the electrocorticogram in 
fetal lambs does not show differentiation into clear HV and 
LV ECoG activity patterns before about 120 days of gesta-
tion (RUCKEBUSCH, 1972; DAWES, 1973). 
As the objective of this study was to evaluate the dif-
ferent physiological variables in relation to fetal ECoG 
activity state, observations were carried out mainly in the 
period from about 120 days until full term. Only three 
fetuses younger than 120 days were studied. 
In the following paragraphs, the amplitude of the ECoG 
voltage (3.2.1), the incidence (3.2.2) and the duration 
(3.2.3) of the various ECoG activity states and the fre-
quency components (3.2.4) of the fetal electrocorticogram 
are descr ibed. 
These results were obtained from 55 recordings from 13 
fetal lambs with gestational ages ranging from 111 to 141 
days . 
3.2.1 Amplitude of the ECoG voltage 
The ECoG records could be divided into two main patterns 
by visual analysis (fig. 3.1): 
a. Low Voltage (LV) ECoG having an amplitude of approxi-
mately 50 microvolts at 120 days, increasing to approxi-
mately 100 microvolts at .full term. 
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b. High Voltage (HV) ECoG having an amplitude of approxi-
mately 100 microvolts at 120 days, increasing to 200-
600 microvolts at full term. 
The amplitude differed from sheep to sheep but there was an 
increasing difference between LV and HV ECoG with advancing 
gestational age in all animals. Furthermore, a transitional 
pattern was observed having an amplitude intermediate 
between those of clear high and low voltage activity in the 
same record. This pattern occurred mainly during transi-
tions from LV to HV ECOG; however, it was sometimes also 
preceeded and followed by the same type of main pattern, 




Fig. 3.1 Biparietat eleatvocortiaogram fvom a fetal lamb 
at 140 days of gestation. Differentiation into 
periods of high and low voltage activity is 
apparent. 
58 
3.2.2 Incidence of ECoG states 
The total time spent in low voltage and high voltage 
ECoG was calculated for each recording. The results were 
arranged according gestational age and grouped together in 
periods of 5 days. Between 110 and 120 days only three 
sheep were recorded, so this period was not subdivided. If 
there was more than one recording from the same animal 
within a period, only one was chosen at random for this 
analysis. The results are shown in figure 3.2. 
distribution of ECoG states over 
gestational age in fetal lambs 
moo 
110 120 125 130 135 140 days of gestation 
low voltage ECoG 
high voltage ECoG 
transitional pattern 
Fig 3.2 Oistribut-Lon of electvoaovtiaal activity states 
in the fetal lamb aaoording to gestational age. 
Results shown are mean values. The number of 
recordings analysed is shown above each period. 
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In the recordings of the youngest lambs (110-115 days), 
it was often difficult to distinguish low and high voltage 
activity. In the recordings from 115-120 days LV and HV 
could be distinguished although a high proportion of trans-
itional pattern (TP) was still present. 
The time spent in LV ECoG was 40% at 110 to 120 days and 
increased to 50 % between 125 to 130 days. A slight de-
crease was observed during the last days before parturi-
tion. The changes in the incidence of LV activity during 
the period studied was not significant. 
The incidence of HV ECoG activity increased from 21% at 
110 to 120 days to 47% at full term. This increase was at 
the expense of a decrease in the transitional pattern and 
was significant for the period after 125 days until term 
(p=0.006, Mann-Wittney U test). In the last days before 
parturition there was a further increase in HV activity at 
the cost of LV activity. This increase was not statistical-
ly significant. 
The incidence of transitional pattern decreased from 39% 
at 110- 120 days to about 10% after 125 days. From then on, 
no further change was observed. 
3.2.3 Duration of ECoG states 
The average duration of periods of LV ECoG activity was 
760 sec, however, the range, both within and between indi-
vidual fetuses, was considerable (260 to 2490 sec). The 
average duration of periods of HV ECoG activity was 705 sec 
with a range from 240 to 2070 sec. Table 3.III gives the 
results grouped according gestational age. A change in ECoG 
activity state was not accepted unless the new ECoG pattern 
persisted for at least 3 minutes. In the case of transient 
phenomena with durations less than 3 minutes, the original 
ECoG activity state was considered to have continued. 
The mean duration of the LV periods was longer after 120 
days than before that time. From 120 days until full term 
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•TABLE S. II Duration of the different ECoG activity states 
in relation to gestational· age (mean +_ SO) 
Gestational age 



































no further increase was observed. There was no apparent 
trend in the duration of HV ECoG periods over the time of 
gestation studied. This was also true for the fetuses which 
could be studied longitudinally. 
3.2.4 Spectral analysis of the electrocorticogram 
For this part of the study the analog ECoG signal was 
digitized with a sample frequency of 100 Hz. Power spectra 
during LV and HV ECoG activity states were calculated for 2 
sheep. Figure 3.3 shows the power spectra of LV and HV ECoG 
samples taken from the registration shown in figure 3.1 
In both HV and LV ECoG activity states the maximum power 
spectral density was located below 1 Hz. In the 2 sheep 
studied, this maximum was about 20 times greater during HV 
than LV ECoG. The power spectra during LV ECoG exhibited 
a broad second maximum between 10 and 30 Hz. This second 
maximum was 20 to 100 times lower than the first maximum. 
Above 15 Hz the power spectral density was higher during LV 
ECoG than during HV ECoG. 
The reciprocal changes in the low and high frequency 






Fig. 3.3 Logarithmic plot of the power spectra of ECoC 
samples of 500 seconds during HV and LV ECoC 
statesj respectively. 
states are also shown in figure 3.4. In this figure the 
root mean square value of the ECoG amplitude was calculated 
in the frequency bands of 0-5 Hz (upper panel) and 20-35 Hz 
(lower panel), using a moving window of 40 sec duration. A 





Fig. 3.4 Root mean square value of the ECoG amplitude of 
a fetal lamb in two different frequency bands 
for the registration shown in fig. 3.1. 
ECoG amplitude consists mainly of the contribution of the 
lower frequency components of the signal. The signal in the 
frequency band 20-35 Hz shows the opposite behavior. 
3.3 Fetal breathing movements 
Fetal breathing movements were recorded in all animals 
with a patent tracheal catheter. In a few animals apparent-
ly without fetal breathing movements, the presence of these 
movements could be inferred from deflections in the venous 
or arterial pressure tracings. These signals, however, were 
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not used for calculations. Patterns of fetal breathing 
movements observed in our study were similar to those de-
scribed by DAWES et al. (1972). During LV ECoG, clusters of 
rapid irregular breathing movements were seen. isolated 
deep breaths, generally of greater amplitude than cluster 
breaths, occurred both during periods of rapid irregular 
fetal breathing movements and also in periods when these 
were absent. The detailed results of our study are describ-
ed in the following sections. 
E C O G [ > J V * 100 
trachea p ressu re 
( r r ^ H g l 2Ü η 
RR interval l e n q l h 
-Чг 
ν - M f ι«· γ ifßT UiJoa. 





Fig. 3.5 Recording of a fetal ECoG, tracheal preesure and 
RR intervals. Note the deep, state-independent 
breaths. 
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3.3.1 Amplitude of fetal breathing aoveaents 
The amplitude of the fetal breathing movements was not 
regular, but differed from breath to breath. The amplitude 
varied from 3 to 10 mmHg. At the beginning of a period of 
fetal breathing the amplitude was usually small (3-5 mmHg) 
and increased during the period to about 10 mmHg. The end 
of a breathing period was often abrupt. Other patterns 
which were sometimes seen included a gradual increase in 
the amplitude of the fetal breathing movements followed by 
a gradual tapering off, and also fetal breathing movements 
periods with an abrupt beginning and equally abrupt 
ending. On many occasions, a burst of fetal movements 
occurred at the end of a fetal breathing period. 
Deep breaths having an amplitude of 20-25 mmHg occurred 
independently of the clusters of rapid irregular fetal 
breathing movements. These breaths could be single, isolat-
ed events or could occur at a low frequency (fig. 3.5). 
3.3.2 Frequency of fetal breathing movements 
The frequency of fetal breathing movements was irregular 
and varied from 2 to 3 Hz during the clusters. The deep 
fetal breathing movements occurred sometimes repetitively 
at a frequency of 1 to 3 per minute (see fig. 3.5). 
3.3.3 Incidence of fetal breathing movements 
The incidence of fetal breathing movements was calcula-
ted for each of the recordings. For this analysis apnea was 
defined as absence of fetal breathing movements for a 
period of at least 1 minute. The recordings were arranged 
according gestational age. For each period of 5 days one 
recording from each animal was chosen at random. Figure 
3.6 gives the results. The average time during which fetal 
breathing movements were present related to the total 
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percentage time with fetal 
breathing movements 
over gestational age 
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Fig. 3.6 Percentage of time with fetal breathing move-
ments ( + S.D.). The number of sheev for each 
period was 5, 7, 7 and 63 respectively. 
recording time shows a tendency to decrease with advancing 
gestational age; however, the differences were not signifi-
cant . 
3.3.4 Electcocortical activity state and fetal breathing 
movements 
In the present material 83% of the time in which fetal 
breathing movements were present occured during LV ECoG; 
12%, during transitional state; and 5%, during HV ECoG. 
Clusters of rapid irregular fetal breathing movements 
never occurred during HV ECoG. When breathing movements 
were present during HV, they were either isolated breaths 
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or a series of individual breaths at a frequency of 1-3 per 
minute. The isolated breaths during HV were often, but not 
always, associated with a gross body movement, as inferred 
from the neck muscle EMG and the presence of EMG activity 
superimposed on the FECG signal. 
Э.4 Electrocortical activity state and fetal heart cate 
parameters 
3.4.1 Introduction 
In the following sections the differences in heart rate 
and heart rate variability during discernible electrocorti-
cal activity states is described quantitatively. The mean 
RR interval duration, the mean Interval Difference index 
(beat to beat variability) and the mean Long Term Irregula­
rity index (slower heart rate fluctuations) were calculated 
during the entire periods of HV and LV ECoG without refer­
ence to presence or absence of fetal breathing movements 
and somatic movements. The data were obtained from 10 
sheep, each sheep represented by one recording of at least 
four hours. No drugs were administered during the record­
ings and all the fetuses were in good condition as judged 
from arterial pH and blood gas analyses. 
3.4.2 BCoG and heart rate 
Figure 3.7 gives the mean RR interval durations in ms in 
the 10 fetal lambs. For each fetus the mean RR interval 
duration during LV ECoG was longer than that for HV ECoG. 
Thus the FHR was slower during LV than during HV ECoG 
(p=0.01) (see fig. 3.9). 
To eliminate the effect of possible circadian and ultra-
dian trends, the heart rate was also compared during conse­
cutive epochs of HV and LV ECoG activity state (figure 
3.8). The total number of transitions was 223. The average 
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RR INTERVAL DURATION 
AND ECOG STATES 
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Fig. Z.7 Ovfferenoe in mean RR -interval durations during 
LV and HV ECoG activity state of 10 fetal sheep 
(Table A.11. 
increase in the RR interval duration was 28.8 ros, which is 
a decrease of about 12 beats per minute, depending of the 
actual heart rate. 
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R-R INTERVAL LENGTH INCREASE AT THE TRANSITION 







N = 223 TRANSITONS 
MEAN = 28-8 MS 
SEM = 1.7 MS 
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Fig. 3.8 RR interval duration change at transition from 
HV to LV ECoG. 
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Fig. 3.9 Tracing of ECoG, tracheal pressure and RR inter-
vals of a fetal lamb (SH 0580, G.A. 140 days, 19 
days after surgery). Note the decrease in the RR 
interval duration (increase in FHR) during HV 
ECoG. 
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The mean RR interval durations during HV and LV with 
fetal breathing movements were also calculated according 
gestational age. Periods of 5 days were compared from 120 
days to 143 days (at term). The data of each individual 
animal were averaged for each period. The mean RR interval 
durations are shown in figure 3.10. There is an increase in 





















Fig. 3.10 Mean RR interval durations during HV and LV 
with fetal breathing movements over the gesta-
tional age studied in fetal lambs. The ges-
tational age in periods of 5 days is shown on 
the X-axis; on the Y-axis, the RR interval 
duration in msec. N is the number of sheep for 
each period. The flags denote kSEM. (Table 
A.XIII). 
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For the same recordings as presented in fig. 3.10, the 
delta RR's (= mean RR interval duration during LV minus RR 
interval duration during HV ECoG) were calculated. The 
mean delta RR at 121-125 days was 16 ros. From gestational 
age 136 days until term the mean delta RR was 34 ms. The 
increase was significant (p=0.05; Spearman rank correlation 
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Fig. '¿.11 Mean RR during LV minus mean RR during HV ECoG 
(delta RR) over the gestational age studied in 
fetal lambs. The gestational age in periods of 
5 days is shown on the X-axis; on the Y-axis, 
the delta RR in ms is shown. 11 is the number of 
sheep for each period. 
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3.4.3 ECoG and Interval Difference (ID) index 
The results of the measurements of the ID index during 
LV and HV ECoG activity states are shown in figure 3.12. On 
the average, the ID index was higher during LV than during 
HV ECoG, and the difference was statistically significant 
(p=0.02). This pattern, however, was not consistent in all 
fetuses. 
The ID index was also calculated for the gestational age 
groups previously defined in 3.4.2. There were no consis-
tent changes in this index with advancing gestational age, 
either for LV or HV ECoG epochs. The mean ID index during 
LV was higher than during HV in all periods. There was a 
INTERVAL DIFFERENCE INDEX 









Fig. 3.12 ID index during HV and LV ECoG (Table A.III). 
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trend towards a decreasing difference between LV and HV 
with advancing gestation. The data are summarized in table 
3.IIIa. 
TABLE S.III Interval différence (ΙΌ) index during HV and 
LV over the gestational age range studied. 





















Table Z.III Long term irregularity (LTD index during HV 
and LV over the ges taЫопаЪ age range studied. 





















Э.4.4 ECoG and Long Teem Irregularity (LTI) index 
Figure 3.13 shows the behaviour of the LTI index during 
LONG TERM IRREGULARITY INDEX 
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Fig. 3.13 LTI index duping HV and LV ECoG (Table A.IV). 
the different ECoG activity states. There appears to be no 
state-related trend in this measurement of heart rate vari-
ability . 
The mean LTI index calculated for the 5-day gestational 
age periods did not show any consistent trend with advan-
cing gestational age. The data are shown in table 3.III b. 
Although the average LTI index was greater in LV than in HV 
in each of the gestational age periods, this pattern was 
not consistent for the individual animals and the diffe-
rence was not statistically significant in any period. 
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3.4.5 ECoG and arterial blood pressure 
Visual analysis of the arterial blood pressure record 
in 10 fetal sheep showed a higher blood pressure during 
than during LV. This increase during HV was slight but с 
sistent (5-7 mmHg). 
3.5 Fetal breathing Boveaents and heart rate parameters 
3.5.1 Fetal breathing movements and heart rate 
The mean RR interval durations during periods with 
without fetal breathing movements are shown in figure 3. 
RR INTERVAL DURATION AND 














Fig. 3.14 Mean RR interüat durations with and without 
fetal breathing movements (Table A.II). 
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The mean RR interval duration in all but one of the 
fetuses was significantly longer (FHR slower) during peri-
ods with fetal breathing movements than when fetal breath-
ing movements were absent (p=0.01). 
As noted above (3.3.4) clusters of rapid irregular fetal 
breathing movements are present only during LV ECoG. There-
fore, the heart rate was also calculated during LV ECoG 
with and without fetal breathing movements. Only periods of 
apnea or breathing lasting 3 minutes or longer were inclu-
ded. Periods of LV without fetal breathing movements of 
this duration were present in the recordings from only 7 of 
the 10 fetal lambs included in this part of the study. The 
results are shown in figure 3.15. The difference was not 
significant. 
RR INTERVAL DURATION DURING LV ECOG WITH 















Fig. 3.15 Mean RR interval duration during LV ECoG with 
and without fetal breathing movements (Table 
A. V) . 
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3.5.2 Fetal breathing aovements and ID index 
The values of the ID index calculated during periods 
with and without fetal breathing movements are shown in 
figure 3.16. With one exception the ID index was increased 
during fetal breathing movements in comparison to non-
breathing periods. The rise was statistically significant 
(p=0.01). 
To exclude the influences of ECoG state, the ID index 
was also calculated during LV ECoG with and without fetal 
breathing movements. As described in 3.5.1, only periods of 
apnea lasting 3 min or longer were included, and 3-minute 
periods of LV without fetal breathing movements were avail-
able from only 7 fetal lambs. 
INTERVAL DIFFERENCE INDEX AND 
FETAL BREATHING MOVEMENTS 








Fig. 3.16 ID index and fetal breathing movements (Table 
A. VI). 
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INTERVAL DIFFERENCE INDEX DURING LV ECOG WITH 
















Fig. 3.17 ID index in LV ECoG with and without fetal 
breathing movements (Table A.IX). 
These results are shown in figure 3.17. The ID index was 
significantly higher in the LV periods in which fetal 
breathing movements were present than in the LV periods 
when fetal breathing movements were absent (p=0.01). 
3.5.3 Fetal breathing movements and the LTI index 
Figure 3.18 gives the values of the LTI index during 
periods with and without fetal breathing movements. There 
was no significant difference. If only periods of LV ECoG 
activity state with and without fetal breathing movements 
are considered, there was again no difference (fig. 3.19). 
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LONG TERM IRREGULARITY INDEX AND 















Fig. 3.18 LTI index with and without fetal breathing 
movements (Table A.VII). 
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LONG TERM IRREGULARITY INDEX DURING LV ECOG 
















Fig. 3.19 LTI index during LV ECoG with and without fetal 
breathing movements (Table A. VIII). 
3.5.4 Heart rate paraBeters during consecutive periods of 
HV ECoG, LV ECoG without fetal breathing movements 
and LV ECoG with fetal breathing movements 
To evaluate in further detail the differences in the 
heart rate parameters, and to eliminate the possible 
effects of circadian and ultradian rhythms, mean RR inter-
val durations and ID and LTI indices were calculated during 
successive periods of HV ECoG, LV ECoG without fetal 
breathing movements and LV ECoG state with fetal breathing 
movements present. For inclusion in this part of the analy-
8 1 
sis, the epochs had to meet the following requirements: 
1. Each epoch had to last at least 3 minutes. 
2. The epochs had to be consecutive without interruption 
(e.g. by a transitional state). 
Thirteen record segments from 4 of the 10 sheep fulfilled 












There was a significant increase in RR interval duration 
with transition from HV to LV ECoG without fetal breathing 
movements (p=0.01). With the onset of fetal breathing 
movements, RR interval duration decreased (p=0.01). RR 
interval duration during LV with fetal breathing movements 
averaged somewhat longer than during HV, 379 vs 359 msec, 
but this difference reached only the level of a trend 
(p=0.1) (see figure 3.20). The values from the individual 
registrations are further listed in the appendix. 
Figure 3.21 shows the changes in the ID index during the 
consecutive periods. There was no significant change at 
transition from HV to LV without fetal breathing movements; 
but with the onset of fetal breathing movements, a signifi-
cant rise was observed (p=0.02). The ID index was also sig-
nificantly higher in LV with fetal breathing movements than 
in the preceeding HV period (p=0.01). 
The LTI index did not change significantly, either with 
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transition from HV to LV ECoG or with the onset of fetal 
breathing movements (fig. 3.22). In figures 3.20, 3.21 and 
3.22, the results from each individual registration are 
shown. Since the number of registrations differed from 
sheep to sheep, it was possible that the unequal weighting 
of the individual fetuses might have influenced the conclu­
sions drawn from these figures and the related statistical 
analyses. To assess this possibility, the values from each 
individual fetus were averaged. These results are given in 
Table 3.lva. 































































357 393 380 8.9 7.3 12.8 12.6 12.4 14.7 
As can be seen from the table, the conclusions drawn 
from the original analyses regarding the behavior of the 
variability indices in succesive periods of HV, LV without 
fetal breathing and LV with fetal breathing, are supported 
by the averaged data. The RR interval decreased with the 
onset of fetal breathing in the 2 animals with the largest 
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number of registrations while in 2 others, represented by 2 
and 1 registration, respectively, the FHR was not greatly 
affected by the presence or absence of breathing movements. 
RR INTERVAL DURATION DURING ECOC STATES 
















Fig. 3.20 Mean RR -interval durations during successive 
periods of HV, LV without fetal breathing move­
ments and LV ECoG with fetal breathing move­
ments (Table A.X). 
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INTERVAL DIFFERENCE INDEX DURING 
ECOG STATES AND FETAL BREATHING MOVEMENTS 
ι P = 0 . 0 1 1 












Fig. 3.21 ID index during suaaessive periods of HV, 
without fetal breathing movements and LV w 
fetal breathing movements (Table A.XI). 
LONG TERM IRREGULARITY INDEX DURING 

















Fig. 3.22 LTI index during successive periods of HV} LV 
without fetal breathing movements and LV with 
fetal breathing movements (Table A.XII). 
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Э.б Electromyogram 
Fetal movements were inferred from the electromyogram 
(EMG) of the long neck muscles. Analysis was done in 8 
sheep. Only fetuses with gestational age 125 days or more 
(i.e., stable incidence of ECoG states, relatively little 
transitional pattern) were studied. One recording from each 
fetus was chosen at random. The period analyzed lasted at 
least four hours. No drugs were administered during that 
time and the fetus was in good condition, as judged from 
the arterial pH and blood gas values. The maternal sheep 
was not disturbed and continued her daily routine behav­
ior. The EMG signal was rectified and low pass filtered 
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Fig. 3.23 Example of the EMG and the proeessed EMG 
together with the RR -Lntevval duration, 
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TABLE 3.V Number of movements inferred from the neck 
































Oscillations in the EMG were considered to represent 
muscle activity if the rectified signal reached an ampli­
tude at least 3 times the level of the quiescent EMG signal 
(background noise). Table 3.V gives the number of movements 
per hour. 
Two types of activity could be distinguished by visual 
analysis : 
1. Bursts of activity followed by slow tonic decay of the 
EMG signal. 
2. Bursts, usually shorter than those above, not followed 
by tonic EMG activity. 
A distinction was made further according the duration of 
the signal: 
1. Single movements, with a duration of increased tone 
shorter than 20 sec and 
2. Prolonged or complex movements, with a increased tone 
lasting 20 sec or longer. 
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Longer EMG activity followed by tonic decay was usually 
accompanied by disturbance of the ECG signal and changes in 
the intravascular and intrathoracic pressures. 
Table 3.VI gives the percentages of both type of movements. 
The number of single movements is, on average, about two 
times the number of complex movements. 
TABLE 3.VI Single and complex movements as percentage of 




























3.6.1 EMG and ECoG 
To evaluate the relationship between the fetal movements 
and the fetal ECoG state the number of movements occurring 
during the different states was counted and related to the 
total duration of time during which each state was present. 
Table 3.VII gives these data. The number of movements per 
hour was greater during HV than during the other ECoG sta-
tes in the majority of the fetuses. 
TABLE 3. VII Frequency of total movernents Oer hour for eaoh 






































The incidence of the different types of movements accor-
ding to ECoG state is given in tables 3.VIII (single move-
ments) and 3.IX (complex movements). 
TABLE 3.VIII Frequency of single movements per hour during 






































TABLE 3.IX Frequency of complex movements per hour during 






































The single movements do not appear to be related to ECoG 
states. The complex movements, however, occur mainly during 
HV or transitional pattern. Because the proportion of time 
during which the transitional pattern was present was much 
smaller than that for HV (section 3.2.2), about 80% of the 
complex movements occurred during HV. 
It was also observed that the complex movements which 
did occur during LV appeared at the end of the period, just 
before a transition to HV. The difference in the frequency 
of complex movements between HV and LV is statistically 
significant (p <^  η . 0 1 ). 
3.6.2 БИ6 activity and heart rate parameters in relation 
to ECoG state and fetal breathing movements 
It is generally accepted that fetal heart rate is influ­
enced by fetal movements. The occurrence of accelerations, 
in particular, is thought to be related to fetal movements. 
Visual analysis of registrations, played back at a paper 
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speed of 1 mm/sec, confirmed this relationship in oar 
material. Except for very brief EMG spikes during LV, most 
EMG bursts were acompanied by FHR accelerations, decelera­
tions, or a combination of these. 
It was also observed that the pertubations in fetal 
heart rate had usually subsided by 20 seconds after the end 
of the EMG burst (see figure 3.24). 
The FHR registrations were therefore divided into epochs 
with EMG activity (from the beginning of the EMG burst 
until 20 seconds after the end of the burst) and without 
activity ( from the beginning of an EMG burst, extending 
backwards in time to the end of the preceding epoch with 
EMG activity). Incomplete epochs (i.e., less than 30 
seconds) between the end of an epoch with activity and a 
following epoch were discarded. The recordings were segre­
gated into categories of HV and LV ECoG and the LV epochs 
were further subdivided according to the presence or 
absence of fetal breathing movements. Mean RR interval 
durations, LTI and ID indices were calculated separately 
for the 6 categories thus obtained: 
total time (min) 
without FBM 230 
without FBM 144 
without FBM 31 
with FBM 130 
without FBM 67 
with FBM 204 
1. HV with EMG 
2. HV without EMG 
3. LV with EMG 
4. LV with EMG 
5. LV without EMG 
6. LV without EMG 
(3 fetuses only) 
(6 fetuses only) 
The periods of LV without fetal breathing movements were 
present in recordings from only 6 of the θ fetal lambs 
included in this part of the study, and only 3 of these 
exhibited epochs of LV without fetal breathing movements 
but with EMG activity. Consequently the number of 30-sec 
epochs in these two categories is limited, as can be seen 
from the figures for the total time included in each cate­
gory. The difference between the total time analyzed, 808 
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Fig. 3.24 Relationship between EMG bursts and the 
duration of the effect on the FHR. 
min, and the total recording time (β fetuses χ 4 hours per 
recording = 1920 min) is caused by a number of factors: 
rejection of incomplete ( < 3 0 sec) epochs between EMG+ and 
EMG- epochs, rejection of epochs in which the ECG signal 
was unsatisfactory for analysis (low amplitude of the QRS, 
transient noise), and exclusion of the transitional state. 
The differences in mean RR interval durations between 
periods with and without EMG activity in the same ECoG 
state were small and inconsistent. Comparing HV with EMG 
activity with LV with EMG activity, or HV and LV without 
EMG activity, demonstrated an increase in mean RR interval 
duration during LV ECoG (Table 3.X). 
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TABLE З.Х RR interval duration (mean + SEM) ms during 
periods of HV and LV (FBM+) with and without EMG 
activity. η - 8. 
E M G -
EMG+ 
HV 
3 5 1 ( 2 0 ) 
3 4 8 ( 1 4 ) 
L V ( F B M + ) 
3 8 0 ( 1 1 ) * 
3Θ1 ( 1 3 ) * * 
* Ρ vs HV, EMG- » 0,03; vs HV, EMG+ = 0.03. 
** Ρ vs HV, EMG+ = 0,06; vs HV, EMG- = 0.04. 
Heart rate fluctuations (LTI index) were lowest in HV 
without EMG activity and highest in LV with EMG activity. 
The LTI index was greater (p=0.0006) in LV without EMG than 
in HV without EMG. LTI increased (p=0.004) during fetal 
body movements in HV; but in LV the increase was less 
pronounced (table 3.XI). 
TABLE 3.XI LTI index (mean + SEM) during the same periods 




6 . 8 ( 1 . 4 ) 
1 1 . 4 ( 2 . 1 ) * * 
L V ( F B M + ) 
1 2 . 0 ( 1 . 5 ) * 
1 3 . 7 ( 2 . 2 ) * * * 
* Ρ vs HV, EMG- = 0.0006 
** Ρ vs HV, EMG- = 0.004 
*** Ρ vs HV, EMG- = 0.0015; vs LV, EMG- = 0.1 
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Beat-to-beat variability (ID index) tended to be higher 
in EMG+ than in EMG- epochs during HV ECoG, but the differ­
ence fell short of statistical significance (ρ·0.07). 
Beat-to-beat variability showed no consistent difference 
between ECoG states in the absence of fetal body movements 
(table 3.XII). 
TABLE 3.XII ID index (mean + SEM) during the same periods 




1 4 . 4 ( 3 . 8 ) 
1 7 . 3 ( 2 . 7 ) * 
LV(FBM+) 
1 6 . 5 ( 2 . 2 ) 
1 7 . 4 ( 2 . 2 ) 
* Ρ vs HV, EMG- = 0.07 
Periods of LV without fetal breathing movements occurred in 
6 of the 8 fetuses, but in only 3 fetuses was EMG activity 
present during the absence of fetal breathing movements in 
LV. The average number of 30-sec epochs of LV, FBM- per 
registration was 15 (range, 2-33). For LV, FBM-, EMG+ this 
was 8 (range, 3-15). 
FHR fluctuations (LTI index) increased from HV, EMG- to 
LV, FBM-, EMG-, A small further increase occurred with 
fetal breathing movements. 
During LV, the increase in mean LTI during EMG+ epochs 
was greater in the absence of fetal breathing movements 




LTI index (n=6 fetuses) LTI index (n=3 fetuses) 
HV, EMG- EMG- EMG+ 
7.8(1.6) HV 7.613.0 
* LV
r
 FBM- 13.2 23.0 
LV, FBM-, EMG- LV, FBM+, EMG- LV, FBM+ 14.6 15.9 
11.6(2.8) 13.7(1.5) 
* P=0.0004 
The average values for the ID index (beat-to-beat varia­
bility) followed the expected pattern, being greater when 
fetal breathing movements were present than when fetal 
breathing movements were absent; however, the changes in ID 
index with ECoG state and fetal breathing movements in the 
individual fetuses were not consistent. 
The presence or absence of fetal breathing movements had 
no apparent effect on the change in ID index during gross 
fetal movements (table 3.XIV). 
TABLE г.XIV 
ID index (n=6 fetuses) ID index (n=3 fetuses) 
HV, EMG- EMG- EMG+ 
15.8(5.1) HV 8.8 13.9 
LV. FBM- 11.9 15.5 





In the fetal lamb, high and low voltage electrocottical 
activity states become differentiated between 110 and 120 
days of gestation and are fully established at 125 days 
(DAWES, 1973). In the present experiments a poorly diffe-
rentiated ECoG was also observed before 120 days of gesta-
tion. The present observations regarding the proportion of 
the different activity states after 125 days are in good 
agreement with the reported data (JOST et al., 1972; DAWES 
et al., 1972; RUCKEBUSCH et al., 1977; CLAPP et al., 1980). 
The proportion of time spent in LV activity state did 
not change significantly during the period studied. The 
proportion of time spent in HV activity state increased 
significantly at the expense of the time spent in the 
transitional pattern. 
The slight increase of HV in the last days of pregnancy 
was not significant and may have been related to the 
approach of parturition. NATHANIELSZ and coworkers (1980) 
studied the influence of myometrial activity on ECoG states 
in fetal sheep. They found a change in ECoG from LV to HV 
during "contractures": low amplitude but prolonged uterine 
contractions lasting usually several minutes and exceeding 
5 mmHg. In the present study, the ECoG pattern present 
shortly before labor was mainly HV, which could have been 
produced by increased uterine activity. 
The state of "alertness" during the night observed by 
RUCKEBUSCH et al. (1977) could not be identified in this 
study; however, only a few recordings were made during 
night hour s. 
The voltage amplitude of ooth LV and HV activity in-
creased with advancing gestation. 
The duration of periods of LV and HV electrocortical ac-
tivity was very variable and except for an increase in the 
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average duration of LV periods from 111-120 to 121+ days, 
no trends could be detected. 
Spectral analysis of the ECoG showed the greatest power 
density in both states in the low frequency band (below 1 
Hz), but the power density was 20 times larger during HV 
than the during LV activity. A second maximum in the power 
density between 10 and 30 Hz was observed during LV but not 
during HV activity. JOST et al.(1972) found a distinct peak 
at 25 Hz during LV which was not encountered in the present 
registrations. The characteristics of the electrodes and 
amplifiers used in the present experiments should have per-
mitted detection of such a peak if it had been present. 
Thus it is correct to speak of high voltage low frequen-
cy (HVLF) ECoG and low voltage high frequency (LVHF) ECoG 
(DAWES et al., 1972; JOST et al., 1972). For our purposes 
the amplitude of the ECoG is a sufficient criterion for 
distinguishing the different electrocortical activity 
states, and frequency analysis is not necessary for this 
purpose. 
3.7.2 Fetal breathing movements 
The present observations with regard to the incidence, 
patterns, amplitudes and frequencies of fetal breathing 
movements are in general agreement with the results repor-
ted in the literature (MERLET et al., 1970; DAWES et al., 
1970, 1972). Moreover, the relationship between fetal 
breathing movements and ECoG activity state described by 
Dawes et al. (1970, 1972) was also observed in the present 
study. Of the time during which fetal breathing movements 
were present, 83% coincided with LV, 12% with transitional 
pattern, and only 5% with HV. Clusters of rapid irregular 
fetal breathing movements occurred only during LV or trans-
itional pattern. 
Breathing movements during HV only occurred as isolated 
breaths and no clusters of rapid irregular breathing were 
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recorded during periods of established HV activity. 
3.7.3 ECoG and FHR 
The observation that mean FHR was higher during HV than 
during LV ECoG was very consistent and is in agreement with 
previous reports ( JOST et al., 1972; DAWES et al., 1972; 
RUCKEBUSCH et al., 1977; CLAPP et al., 1980). 
In this study the state-related change in heart rate was 
quantified. Mean fetal heart rate decreased significantly 
with advancing gestational age, and the difference in mean 
heart rate between HV and LV periods increased. The decrea-
se of FHR with gestational age is in agreement with the 
findings of other investigators (ASSALI et al., 1977; BODDY 
et al., 1974). No earlier data could be found about the in-
creasing difference in heart rate between the ECoG states 
as gestation progresses. VAPAAVOURI and coworkers (1973) 
studied the development of the autonomic nervous system in 
fetal lambs. They observed that tonic activity of the para-
sympathetic system was fully developed at 120 days, but 
ß-adrenergic activity increased significantly during the 
last part of gestation. Our data may be interpreted as sug-
gesting that sympathetic tone increased proportionally more 
during HV than during LV, especially after 135 days, resul-
ting in an increase in state-related heart rate differences 
after this time (see also Chapter IV). 
Developmental changes in heart rate and variability may 
be related not only to alterations in the autonomic nervous 
system control, but also to changes intrinsic to the heart 
itself. (KATONA et al., 1980). The conduction system of the 
heart changes in the neonatal period (JAMES, 1970). WOODS 
and coworkers (1977) reported declining heart rate in the 
awake neonatal lamb which could not be related to changing 
autonomic tone. 
The baseline variability (ID index) was increased during 
LV, if only ECoG states were considered. When the influence 
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of fetal breathing movements was investigated, however, it 
became apparent that the increase in ID index was mainly 
related to fetal breathing movements and not directly to 
ECoG state (see 3.7.4). No trend was seen in the ID index 
with advancing gestation, a finding at variance with the 
observations of DALTON and coworkers (1977). We have no 
explanation for this discrepancy. In our material no 
increase in ID index was observed even when individual 
fetuses were studied longitudinally. 
Heart rate fluctuations were found to be related to ECoG 
state; however, the effect of fetal somatic motility on the 
FHR had to be taken into account before this relationship 
could be demonstrated (see 3.7.6). No significant changes 
in LTI index were seen with advancing gestational age. 
The increase in the arterial blood pressure during HV is 
in agreement with the observations of others (MANN et al., 
1974, CLAPP et al., 1980). This increase appears not to 
result in a baroreceptor-med iated decrease in heart rate. 
The sensitivity of the baroreceptor in the fetal lamb, how­
ever, is under discussion. SHINEBOORNE et al. (1972) and 
MALONEY et al. (1977) suggested a baroreflex control of the 
heart rate in the fetal lamb, while DAWES et al. (19 0Ь) 
reported that baroreceptor s in the fetal lamb were not 
loaded at normal arterial pressures, but that there appear­
ed to be a threshold of 60-65 mmHg for reflex changes of 
heart rate. 
3.7.4 Fetal breathing movements and FHR 
The mean fetal heart rate was slightly but significantly 
increased during fetal breathing movements in comparision 
to the preceeding period LV without fetal breathing move­
ments. This increase is probably related to the muscular 
activity of breathing. More pronounced was the increase in 
the ID index during fetal breathing movements. DALTON and 
coworkers (1977) also observed a significant increase in 
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baseline variability during fetal breathing movements. 
Fetal breathing movements are accompanied by phasic changes 
in flow in the great veins (REUSS et al., 1981) which may 
be expected to lead to variations in cardiac filling and 
pulse pressure. Changes in intrathoracic pressure are also 
reflected in changes in blood pressure at extrathoracic 
sites. Thus fetal breathing movements might be expected to 
result in increased variations in baroreflex activity and, 
consequently, increased FHR variability, assuming that the 
baroreceptors are sensitive for these small pressure 
changes (see section 3.7.3). 
The LTI index was not related to fetal breathing move-
ments . 
3.7.5 EMG 
One may question in how far the activity of the long 
neck muscles represents gross body movements. We found that 
other indicators of gross fetal movements, such as tran-
sient increases in arterial or intrathoracic pressure, EMG 
artefact in the ECG signal, and sudden changes in QRS con-
figuration, were almost invariably accompanied by activity 
in the neck muscle EMG. RUCKEBUSCH and coworkers (1977) 
recorded activity in the long back muscles, neck muscles, 
and the triceps brachii and found good, agreement between 
activity of these muscle groups. They observed also a 
greater number of movements during HV ECoG than during LV. 
NATALE et al. (1981) studied exclusively forelimb movements 
in the fetal lamb. They found the highest incidence of 
forelimb movements during the transitional state, and the 
lowest during LV with rapid eye movements present. Thus in 
time the limb movements do not correspond entirely with the 
activity of the long posterior neck muscles, particularly 
during HV ECoG. There is general agreement that in the 
fetal lamb, complex fetal motility is related to ECoG 
activity states; and that 'there is a clustering of move-
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merits around the transition from LV to HV ECoG. 
3.7.6 Fetal movements and FHR 
The findings that the LTI index of FHR fluctuations is 
increased during gross body movements, and that these gross 
movements occur preferentially during HV ECoG, explain a 
previous apparent discrepancy between the fetal lamb and 
the human fetus and neonate. Although in the human fetus 
(NIJHUIS et al., 1982) and neonate (van GEIJN et al., 
1980a) FHR fluctuations are lower in states IF and 1 than 
in states 2F and 2, previous observations in the fetal lamb 
failed to demonstrate changes in FHR variability related to 
ECoG state (DALTON et al., 1977). In the present study, 
also, analysis of variability parameters over entire epochs 
of HV and LV failed to demonstrate changes related to ECoG 
state per se (3.4.3, 3.4.4). When the influence of fetal 
body movements on FHR variability was removed by analyzing 
only these epochs 20 sec or more after the end of a fetal 
movement, it could be demonstrated that the FHR was more 
stable (LTI index lower) at rest during HV than during LV 
ECoG. 
3.8 Conclusions 
1. In the fetal lamb, differentiation of the ECoG into 
periods of high and low voltage occurs between 110-120 
days gestation, and the proportion of time spent in 
these 2 states changes little after 125 days. 
Spectral analysis does not appear to improve the dis-
crimination of ECoG states achieved with amplitude 
(voltage) alone. 
2. Fetal breathing movements are highly related to ECoG 
state in the fetal lamb. Continuous breathing move-
ments, even for short periods, were restricted to LV 
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epochs and transitions. Only isolated breaths, or some-
times a series of individual breaths separated by apneic 
intervals of many seconds, were observed during HV peri-
ods . 
Fetal heart rate is related to electrocortical activi-
ty state, the mean RR interval being shorter (heart 
rate higher) in HV than LV. Fetal heart rate also 
increases in some fetuses during periods of fetal 
breathing movements, in comparison to periods of LV 
ECoG without fetal breathing movements, when successive 
epochs are compared. The heart rate in fetal lambs 
decreases, and the ECoG state-related difference in mean 
FHR increases, with advancing gestational age. 
Beat-to-beat FHR variability (ID index) increases in 
association with fetal breathing movements and does not 
appear to be related to ECoG state per se. Beat-to-beat 
variability also tends to increase during gross fetal 
body movements. 
FHR fluctuations (LTI index) are lower during epochs of 
HV ECOG without gross body movements than during LV 
epochs also without gross movements. FHR fluctuations 
are increased during gross body movements in comparision 
to epochs in the same state without gross movements. 
Fetal gross body movements are related to ECoG state, 
the frequency of body movements being greater during HV 
than during LV ECoG. Single movements occur about equal-
ly during both ECoG states. Complex movements occur 
mainly during HV ECoG (about 8 0 % ) . Those complex move-
ments which do occur during LV appear mainly at the end 
of the LV period just before a transition to HV. 
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CHAPTER IV 
EFFECTS OF SELECTIVE AUTONOMIC BLOCKADE ON ECoG 
STATE-RELATED CHANGES IN FETAL HEART RATE 
4.1 Introduction 
The autonomic nervous system (ANS) figures very impor-
tantly in the regulation of the heart rate. ANS influences 
on heart rate have been studied in the fetal lamb (NUWAYHID 
et al., 1975; VAPAAVOURI et al., 1973) and in newborn and 
adult sheep (WOODS et al., 1977). The effects of ANS con-
trol are present from at least 85 days of gestation. Since 
ANS control of the heart rate is already been established 
before the development of ECoG states, it is logical to 
examine the role of the various ANS divisions in the state-
related FHR changes described in Chapter III. To do this, 
selective blockade was performed: ß-adrenergic blockade 
with propranolol (4.2), cholinergic blockade with atropine 
(4.3) and vagotomy (4.4). 
The completeness of the blockade was confirmed by lack 
of response to the agonists, isoprenaline and acetylcholine 
respectively (2.9.2). 
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Table 4.1. gives the mean of the changes in RR interval 
duration observed with a number of LV to HV ECoG transi-
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tions before and during ß-adrenergic blockade. With one 
exception, the state-related change in mean RR interval is 
smaller after propranolol than before (p=0.04). 
TABLE 4.1 Mean differences in mean RR interval duration 
(+ SEM) with a number of transitions (n) from LV 
to HV ECoG 





















































The difference in heart rate before and after proprano­
lol appeared to increase with gestational age over the pe­
riod studied (125 to 143 days). Statistically, this reached 
the level of a trend (0.05(p{0.1, Spearman rank correlation 
coefficient). During ß-adrenergic blockade with proprano-
lol, the changes in BP with changes in ECoG states were 
small and inconsistent in direction. 
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4.3 Cholinergic blockade with atropine 
After administration of atropine, 0.5-1.0 mg/kg EFW I.V. 
to the fetus, the electrocortical activity pattern changed 
from LV to HV. The period of HV ECoG lasted 45 to 60 min­
utes, which is much longer than seen under normal condi­
tions (see fig. 4.1). 
trachea pressure (mmHg)
 2Q 
oMaiyk^i'EyfH .Jil^ , 
RR interval length" (ms) 6 0 0 
ι I 
10 20 30 ¿0 50 60 70 80 90 
time ( mm ) 
Fig. 4.1 Effect of atropine (0.5 mg/kg EFW) on ECoG in 
a fetal lamb. The ECoG ohanges from LV to HV, 
however, fetal breathing movements continue to 
occur periodically with a decrease in RE inter-
val duration (increase in FHR) during the epi-
sodes of fetal breathing movements. GA 129 
days. 9 days post operative. 
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Fetal breathing movements continued to occur periodical­
ly and in clusters, in spite of the continuous HV ECoG ac­
tivity state. Furthermore, a decrease in RR interval dura­
tion (thus an increase in heart rate) was observed during 
fetal breathing compared with the preceeding or following 
period without fetal breathing movements. Both systolic and 
diastolic blood pressure increased during episodes of fetal 
breathing movements in the atropinized fetuses, an effect 
which was not observed in the unblocked fetus. 
Because of the effect of atropine on the fetal ECoG, 
however, these experiments were not suitable for study of 
the state-related shift in mean heart rate. 
4.4 Heart rate changes after vagotomy 
The state-related shifts in RR interval durations were 
studied in 5 recordings from 2 vagotomized fetal lambs 
















W I T H 
Fig. 4.2 Mean RR interval durations during ECoG states 
after vagotomy in 5 recordings from 2 fetuses 
(Table A.XIV). 
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interval durations during consecutive periods of HV, LV 
without fetal breathing movements and LV with fetal breath-
ing movements present. 
The range of mean RR interval duration during HV in the 
vagotomized fetuses was similar to that observed earlier in 
intact animals (figures 3.10). The mean RR interval dura-
tion during LV with and without fetal breathing movements 
were, however, generally shorter than those in the corre-
sponding periods in the intact animals. 
There was a decrease in RR interval duration in LV with 
fetal breathing movements in comparison to HV. The differ-
ence is significant (p = 0.04). Due to the limited number 
of observations in the category LV ECoG without fetal 
breathing movements, this category was not included in the 
statistical analysis. It should be noted, however, that 













Fig. 4.3 Internal difference index during ECoG states 
after vagotomy in 5 recordings from 2 fetuses 
(Table A.XV). 
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val between HV and LV epochs without fetal breathing move­
ments. 
The mean ID indices (± SEM) during HV in the two vagoto-
mized animals were 3.5(±0.5) and 6.8(±0.6). The ID index 
increased during LV ECoG with fetal breathing movements in 
all recordings (fig. 4.3). During fetal breathing movements 
the mean ID indices were 6.9(±0.1) and 11.1(10.7). 
The LTI index also showed an increase in all cases 
(fig. 4.4) between HV and LV with fetal breathing movements 
present. The changes between HV and LV without fetal 
breathing movements, and with the onset of fetal breathing 








HV LV LV 
WITHOUT WITH 
FBV1 F3V1 
Fig. 4.4 Long term -irregulari by index during ECoG states 
after vagotomy in 5 recordings from 2 fetuses 
(Table A.XVI). 
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Fig1. 4.5 Example of the relationship between FBM, BP and 
heart rate in a vagotomized sheep fetus. Note 
the FHR acceleration and increased BP with a 
burst of deeper fetal breathing movements. 
(SB No. 1780, GA 126 days, 6 days post opera­
tive) . 
The arterial pressure did not change at the transitions of 
ECoG state. During bursts of vigorous breathing movements, 
both systolic and diastolic BP increased markedly (fig.4.5) 
This effect was not observed in unblocked fetuses. 
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4.5 Discussion 
4.5.1 Autonoeic aechanisas involved in the effect of BCoG 
state on FHR 
In the previous chapter (3.4.2), the heart rate of the 
fetal lamb was shown to be related to ECoG activity state, 
with the average heart rate being higher during periods of 
HV than LV. In this section, some experiments aimed at de-
fining the role of the ANS in the ECoG state-related heart 
rate changes have been described. The concept underlying 
these experiments was that the increase in heart rate du-
ring HV might be caused by an increase in net fl-adrenergic 
cardioaccelarator tone, a decrease in net cholinergic car-
diodecelarator tone, or both in combination. The reverse 
would apply for the decrease in heart rate during LV. The 
presence of one or more of these changes should be demon-
strable by means of selective and separate Q-adrenergic and 
muscarinic cholinergic blockades. In practice, vagotomy had 
to be substituted for pharmacologic cholinergic blockade, 
because of the effects of atropine on the ECoG activity 
patte rn (4.3). 
ß-adrenergic blockade was found to abolish or markedly 
reduce the difference in average heart rate between HV and 
LV periods. This observation, taken by itself, suggests 
that ß-adrenergic cardioaccelerator tone is greater during 
HV than during LV. The finding that blood pressure was 
higher during HV than during LV in the unblocked fetus 
(CLAPP et al., 1980; this thesis 3.4.5.) is also compatible 
with the concept of a general increase in the level of sym-
pathetic activity during HV in the fetal lamb. The absence 
of a change in FHR with changes in ECoG state during 
ß-blockade seems to exclude direct ECoG state-related 
alterations in cardiac vagal tone. 
The alternative hypothesis, that a decrease in vagal 
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tone contributes to increased heart rate during HV, was 
further tested by atropine administration and vagotomy. In 
our material the number of transitions which could be 
studied was limited. No consistent difference in heart rate 
was found between HV and LV without fetal breathing move-
ments. Heart rate, however, increased significantly during 
fetal breathing movements. This indicates an increased 
adrenergic cardioacce 1erator tone during fetal breathing, 
probably as a result of the muscular work of breathing. In 
the intact fetal lamb, this increased adrenergic activity 
during breathing must presumably be balanced by increased 
vagal cardio-decelerator tone. 
The increase in blood pressure during vigorous breathing 
supports this hypothesis. In the unblocked fetal lamb only 
a slight increase in heart rate during breathing was obser-
ved with no increase in blood pressure. The relative stabi-
lity of the mean heart rate and blood pressure with respect 
to the presence or absence and intensity of fetal breathing 
movements in the intact, unblocked fetal lamb probably 
reflects the activity of the baroreflex, resulting in a 
secondarily increased cardiac vagal tone during vigorous 
fetal breathing. It has been noted previously that the sen-
sitivity of the baroreceptor s in the fetal lamb is under 
discussion (section 3.7.3). Our observations suggest active 
baroreceptors in the fetal lamb at normal presure levels. 
This is not in agreement with the results of DAWES et al. 
(1980b) . 
EGBERT and KATONA (1980) have suggested that blockade of 
one autonomic division may reflexly alter the activity of 
the antagonistic division. Although their observations did 
not support the existence of such an effect, the possibi-
lity must be entertained that such an effect could at least 
partially explain the findings of this investigation: that 
is, the elimination of the ECoG state-related change in FHR 
by ß-adrenergic blockade and also by vagotomy (HV vs LV 
without fetal breathing movements), and also the normal 
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heart rates of the vagotomized fetuses during HV. In this 
connection it would have been interesting to study the ef-
fect of fetal breathing movements on the FHR in lambs which 
had received both atropine and propranolol, with the block-
ers given in alternating sequence. The question of recipro-
cal effect of autonomic blockade on the activity of another 
autonomic division was not the objective of our observa-
tions however, and these further experiments could not be 
fitted into the time available. 
Thus the balance of the autonomic effects on the heart 
rate is influenced by both ECoG state and fetal breathing 
movements. Because breathing movements are not continuously 
present in the sheep fetus and largely absent during HV in 
this species, comparision with postnatal data is difficult. 
Some of the conflicting evidence and conclusions in the 
literature about the absolute and relative changes in sym-
pathetic and parasympathetic tone between REM and NONREM 
sleep were summarized earlier (section 1.4). 
4.5.2 ID index and parasympathetic activity 
Beat-to-beat variability (ID index) was depressed during 
both HV and LV in the vagotomized fetuses in comparison to 
intact fetal lambs. Beat-to-beat variability was not com-
pletely absent after vagotomy, however, and increased du-
ring periods of fetal breathing movements in all registra-
tions. These observations demonstrate that other factors 
besides fluctuations in parasympathetic activity contribute 
to beat-to-beat variability. Some contribution of the car-
diac sympathetic innervation to the beat-to-beat variabil-
ity is possible, for the ID index was lower after blockade 
of both autonomic divisions than after cholinergic blockade 
alone in fetal lambs (MARTIN et al., 1980). The firing 
frequency of the cardiac pacemaker cells is influenced by 
the tension to which they are subjected (FISCHMANN et al., 
1976). Rapid changes in cardiac filling associated with 
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fetal breathing movements could, by changing the tension in 
the sinoartrial node area, result in the increase in beat-
to-beat variability with fetal breathing movements. The 
value of the ID index which could result from error in the 
R-peak detection depends on the quality of the ECG record-
ing, but should be considerably lower than the lowest 
values found in these vagotomized fetuses. 
4.5.3 Effect of atropine on the coupling of fetal breath-
ing moveaents and ECoG state 
The effect of atropine was interesting because, although 
following atropine administration the fetal lamb exhibited 
a prolonged period of HV activity, fetal breathing move-
ments continued to occur periodically. It appears that mus-
carinic cholinergic blockade disengaged the respiratory 
center from the cortical activity pattern, but that this 
center was still inhibited during certain periods. WALKER 
et al. (1980) and DAWES et al. (1980a) reported that brain-
stem transsection above the pons in fetal lambs results in 
continuous fetal breathing independent of the ECoG activity 
state. They concluded that breathing movements are actively 
inhibited during HV and that this inhibition requires 
intact pathways from a center or centers above the level of 
the pons. These pathways appear not to be blocked by atro-
pine in the dose employed. 
The effect of atropine on the fetal EEG pattern observed 
in these experiments, an increase in voltage and decrease 
in frequency, is in agreement with the action of this drug 
on the EEG of adults and experimental animals (WEIMER, 
1980). Atropine antagonizes EEG activation by hypothalamic 
or reticular formation stimulation in experimental animals. 
The EEG alterations produced by atropine do not necessarily 
imply a disruption of cyclic activity, including periodic 
inhibition of the respiratory center, at other levels of 
the CNS. Although many of the CNS effects of atropine can 
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be antagonized by the anticholinestrase agent phyostigmine, 
atropine also depresses a number of noncholinergic stimuli, 
indicating that the drug also has other effects than the 
blockade of cholinergic transmission. 
A few other agents have also been found to effect the 
relationship between the ECoG activity state and fetal 
breathing movements. KITTERMAN and LIGGINS, (19Θ0) observed 
that fetal lambs treated with prostaglandin synthetase 
inhibitors exhibited nearly continuous fetal breathing 
movements. During HV periods, moreover, the fetal breathing 
movements were regular in rhythm and amplitude, whereas 
during LV the fetal breathing movements resembled the typi­
cal rapid irregular pattern. Subsequently, PGE2 and (to a 
lesser extend) PGF2-alpha were shown to suppress fetal 
breathing movements without changing ECoG patterns 
(KITTERMAN et al., 1980). The mechanisms underlying these 
effects have not been investigated further. A direct effect 
of the PG synthetase inhibitors on the respiratory center 
has been suggested (KITTERMAN and LIGGINS, 1980). 
An other experiment in which fetal breathing movements 
were disengaged from the ECoG activity state was reported 
by QUILLIGAN et al. (1981). They infused 5-OH tryptophane 
into fetal lambs and observed a marked increase in the pro­
portion of HV activity. Also, fetal breathing movements 
occurred nearly continuously and for a long period of time 
during both HV and LV periods. 5-OH tryptophane is a pre­
cursor of the central nervous transmitter serotonin which 
has been reported to play a role in the generation of the 
NONREM sleep (JOUVET, 1967). The effect of 5-OH tryptophane 
was different from that of atropine in that with 5-OH tryp­
tophane, the proportions both of HV and fetal breathing 
movements were increased, whereas after atropine incidence 
of fetal breathing movements was unchanged. The experimen­
tal conditions under which fetal breathing movements and 
ECoG have been found to dissociated from one another are 
summarized in table 4.II. 
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TABLE 4.II Procedures dissociating ECoG and bveabhinn movements in the fetal lamb. 
Procedure/drug Author ECoG FBM 
Brainstem transsection WALKER et al., 1980 cycling LV-HV continuous 
PG synthesis inhibition KITTERMAN and LIGGINS, 1980 cycling LV-HV continuous 
PGE2 and PGF2-alpha KITTERMAN et al., 1980 cycling LV-HV depressed 
5 OH-Tryptophane QUILLIGAN et al., 1981 HV nearly continuous 
Atropine This study HV continue to be present 
periodically 
4.6 Conclusions 
1. Adrenergic cardioaccelerator tone is increased during HV 
as compared to LV ECoG states in the fetal lamb. 
2. Basal cholinergic tone does not vary demonstrably with 
ECoG state. 
3. The parasympathetic cardiac innervation is only partly 
responsible for the genesis of the beat-to-beat varia-
bility in the unblocked fetus, since there is still an 
increase in beat-to-beat variability (ID index) with the 
onset of fetal breathing movements after vagotomy. 
4. Atropine changes electrocortical activity state, but 





EFFECT OF CARBONIC ANHYDRASE INHIBITION WITH 
ACETAZOLAHIDE 
5.1 Introduction 
The influence of acutely increased PaC02 o n breathing 
movements in fetal sheep was studied by BODDY et al. 
(1974). Hypercapnia was induced by giving the ewe a mixture 
of 4-6% CO2 in O2/N2 to breathe. They observed an initial 
fall in FHR followed shortly by an increased FHR and a 
small rise in arterial pressure. Activation of the fetal 
chemoreceptors by hypercapnia, followed by catecholamine 
release could explain these circulatory changes. Acute 
hypercapnia, with activation of the chemoreceptors and the 
pathophysiologic consequences thereof, implies an element 
of stress for the fetus. 
We attempted to produce a gradual hypercapnia, and to 
avoid the element of acute stress, by use of the carbonic 
anhydrase inhibitor acetazolamide (Diamox, Lederle). 
5.2 Acetazolamide*) 
The r e a c t i o n CO2+H2O $ H2CO3 i s c a t a l y s e d in b o t h d i r e c -
t i o n s by t h e enzyme c a r b o n i c a n h y d r a s e ( C . A . ) . T h i s enzyme 
h a s been found in many s i t e s of t h e b o d y , i n c l u d i n g e r y -
t h r o c y t e s , t h e r e n a l c o r t e x , g a s t r i c m u c o s a , p a n c r e a s , eye 
*) Summarized, unless other references are given, from 
Mudge G.H. (1980) In : Pharmacological bas i s of t h e r a -
p e u t i c s . Eds: A. Goodman Gilman, L.S. Goodman and 
A. Gilman. 6 t h Edit ion pag.896-899, McMillan, N.Y. 
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and central nervous system. C.A. plays an important role 
not only in respiration (CO2 transport and release), but 
also in the formation of several body fluids: for example, 
urine, cerebrospinal fluid (CSF), and aqueous humor. C.A. 
is inhibited non-competitively by the sulfonamide acetazo-
lamide. In the past, this drug found its chief clinical use 
as a diuretic. Inhibition of C.A. activity in the kidney 
results in an increased excretion of bicarbonate, N a + and 
K +-ions, and an increased urine flow. As result, the con­
centration of bicarbonate in the extracellular fluid 
decreases and a metabolic acidosis results. Inhibition of 
C.A. activity in the erythrocytes disturbs the CO2 trans­
port system, giving increased CO2 tensions in tissue and 
decreased CO2 tensions in the pulmonary alveoli. These 
changes, however, appear to be transient due to the initia­
tion of compensatory mechanisms. 
The effect of acetazolamide on the central nervous sys­
tem is partly explained by the metabolic acidosis; however, 
there may also be a direct action on the central nervous 
system. An increase in the local CO2 tension may result 
from the inhibition of the enzyme in the brain substance, 
choroid plexus, or erythrocytes. The cerebral effects of 
acetazolamide have found application in use as an adjuvant 
drug in the treatment of both grand mal and petit mal epi­
lepsy . 
Carbonic anhydrase is also present in the placenta 
(LUTWAK-MANN, 1955) and facilitates the diffusion of CO2. 
Acetazolamide decreases the transplacental transfer of CO2 
(GURTNER et al., 1972). 
5.Э Administration of acetazolamide to the fetus 
Acetazolamide was given intravenously, directly to the 
fetus. The initial loading dose of 50 mg was followed by an 
infusion of 50 mg/hour. Administration was continued for 
four hours in all cases. 
1 20 
The experimental plan is described in detail in section 
2.9.3 
5.4 Effect of acetazolamide on arterial pH and blood gas 
values 
The mean pH and respiratory gas in fetal arterial blood 
before, during and after acetazolamide are shown in figures 
5.1 to 5.5. The samples were taken immediately before the 
drug was given, hourly during the infusion and 1 hour after 
the end of the infusion. 
There was an initial decrease in pH during the first two 
hours, followed by a partial return toward control values 
in the 3r° and 4 Ь" hours. One hour after the end of the 
infusion a second fall in pH was observed. 
The P
a
C02 varied over a considerable range in the indi­
vidual fetuses. In two fetuses no remarkable change in 
P
a
C02 was observed. In three other fetuses an increase of 2 
or more kPa above the control values was found. The mean 
P
a
C02 for all fetuses increased slowly during the infusion 
and decreased in the first hour after the infusion. 
The P
a
02 did not change during or after the administra­
tion of acetazolamide. 
The base excess (BE) decreased during the first hour, 
stabilized and than increased at the fourth hour. After the 
end of the infusion a second significant decrease in the BE 
was found. 
After a slight initial decrease, bicarbonate increased 
during the 3r<* and 4 t h hours of the infusion, and then 














t ime (hours) 
Fig. 5.1 pH of fetal arterial blood before, during and 
after aoetazolamide infusion. The values marked 
are significantly different from the preoee~ 
ding values. The values marked are signifi­
cantly different from the control values (p < 
0.05). Values are the mean + SEM. The shaded 
area indicates the range. 
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Fig. 5.2 Ρ CO9 of fetal· arterial blood before, during a ¿ 
and after acetazolamide infusion. The values 
marked * are significantly different from the 
control values (p < 0.05). Values are the mean 
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Fig. 5.3 Ρ 0„ o/ fetal arterial blood before, during and 
after acetazolamide infusion. There were no sig­
nificant changes in Ρ CO.. Values are the mean 
·'
 a
 a 2 
+ SEM. The shaded area indicates the range. 
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Fig. S.4 BE of fetal arterial blood before, during and 
after acetazolamide infusion. The values marked 
are significantly different from the precee-
ding values. The values marked * are signifi­
cantly different from the control values (p < 
0.05). Values are the mean + SEM. The shaded 
area indicates the range. 
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t ime (hours) 
Fig. 5.5 ЯСС, of fetal arterial blood before, during 
and after acetazolamide infusion. The values 
marked are significantly different from the 
preceeding values. The values marked * are sig­
nificantly different from the control values 
(p < 0.05). Values are the mean + SEM. The 
shaded are indicates the range. 
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5.5 Effect of acetazolaaide on ECoG activity states 
The percentages of the recording time spent in LV and HV 
ECoG were calculated for the control periods (minimum, 2 
hours) and for the periods of the acetazolamide infusions. 
The results for each animal are shown in table 5.1. 












































The control values are similar to the percentages found 
in the other fetal lambs studied (section 3.2.2.) . There 
was a decrease in the proportion of time spent in LV ECoG 
and an increase in the proportion of HV ECoG activity 
during the acetazolamide infusions. The difference is sta-
tistically significant (p < 0.05, Wilcoxon matched-pairs 
signed-ranks test). 
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5.6 Effect of acetazolaaide on fetal breathing novements 
5.6.1 Incidence of fetal breathing aoveaents 
The incidence of fetal breathing movements was decreased 
during the administration of acetazolamide, in comparision 
with the control periods. This agrees with the diminished 
time spent in LV. The mean recording time during which 
fetal breathing movements were present was 43.6% in the 
control period and 33.7% during the infusion period 
(p=0.05). The proportion of LV time during which fetal 
breathing movements were present was not different between 
acetazolamide and control periods. 
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time С вес! 
Fig. 5.6 Example of FBM during aontrol (a) and during 
acetazolamide infusion (a) (SH No. 4180, GA 136 
daysj 16 days after the operation). 
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5.6.2 Characteristics of the fetal breathing movements 
On inspection of the recordings, the amplitude of the 
breathing movements appeared to be increased during aceta-
zolamide infusion (see fig. 5.6). For further quantitative 
analysis, segments of 10 minutes before and 10 minutes 
during acetazolamide infusion were selected from each 
recording. Sixteen epochs from 3 lambs were studied in 
detai1. 
For this purpose the trachea pressure was digitized with 
a sample frequency of 100 Hz. After subtraction of the 
intraamniotic pressure, the following characteristics were 
calculated : 
a. amplitude of the pressure excursions, 
b. period (breath-to-breath interval), 
c. duration of the inspiration phase, and 
d. slope of the inspiration. 
These data are shown in table 5.II. The increase in am-
plitude was statistically significant (p=0.01). The period 
and the duration of inspiration did not change consistent-
ly. The slope of the inspiration therefore increased 
(p=0.05). 
5.7 Effect of acetazolamide on the fetal heart rate 
FHR parameters ( mean RR interval duration, ID index and 
LTI index) were calculated for the control and the acetazo-
lamide periods. 
There was no difference in mean RR interval duration 
between the control and experimental periods. The values 
are shown in table 5.III. 
The ID index (table 5.IV) and the LTI index (table 5.V) 
were also not consistently different between the control 
and acetazolamide periods. 
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TABLE 5. II Data of the character-is ties of fetal breathing 
movements. 
INSPIRATORY 
AMPLITUDE.(mmHg) DURATION (ms) 




































































mean 3.2(1.3) 6.3(1.5) 381(100) 480(112) 
p«0 .01 η.s 
Median (+ SIQR) 
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PERIOD (ms) SLOPE (mmHg/ms) 

















































1 0 2 0 ( 5 1 5 ) 1 0 8 1 ( 3 1 0 ) 0 . 9 ( 0 . 5 ) 1 . 4 ( 0 . 5 
η . s . p = 0 . 0 5 
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TABLE 5.Ill Mean PR interval duration (ms) during the con­

































TABLE S.IV ID index during the control (C) and during 


































TABLE S. V LTI index during the control (С) and during 

































5.8 Discussion and conclusions 
Since the enzyme carbonic anhydcase is present in the 
placenta (LUTTWAK-MANN,1955) and the administration of 
acetazolamide decreases the rate of the placental transfer 
of carbon dioxide (GURTNER et al., 1972) we expected an 
increased P
a
C02 in the fetus during acetazolamide adminis­
tration. However, two different reactions of the P
a
C02 were 
observed. In 3 fetuses (4180, 4980 and 3780) Pa c o2 i n~ 
creased from 4.9 kPa (control) to about 7.2 kPa during ace-
tozalamide infusion; whereas in 2 other fetuses (5381 and 
5581) no noteworthy change in P
a
C02 was observed. No meth­
odologie explanation for this discrepancy could be found. 
The gestational ages and the doses, durations and routes of 
administration of acetazolamide were similar in the 2 
groups. The mean Pa c o2 calculated over all experiments 
increased (fig. 5.2.). 
In all animals the pH decreased initially, with a par­
tial recovery during the 3 r d and the 4 t h hours of the infu­
sion. It appeared, therefore, that compensatory mechanisms 
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were activated rapidly. The resulting pattern was one of 
compensated respiratory acidosis with an increase in P aC02 
and also an increase in base excess and bicarbonate concen-
tration . 
During the hour after the acetazolamide was stopped, the 
acid-base picture changed rapidly into that of metabolic 
acidosis with significant decreases in pH, BE and bicarbo-
nate . 
The explanation for this complex pattern of change in 
acid-base parameters probably lies in the fact that there 
are at least 2 mechanisms by which C.A. inhibition may 
alter the fetal acid-base balance: the effect on CO2 trans-
port (inhibition of C.A. in capillary endothelium, erythro-
cytes and placenta), and the effect of acetazolamide trans-
ferred across the placenta on maternal renal tubular func-
tion and thus on maternal acid-base balance. A third possi-
ble mechanism is inhibition of C.A. activity in the fetal 
kidney; however, the extent to which this last mechanism 
can affect the composition of fetal plasma is uncertain, 
since renal tubular function is still incompletely devel-
oped during the late fetal period and since fetal plasma is 
continuously dialysed against a much larger maternal plasma 
volume across the placenta. The rapidity by which these 
different mechanisms operate to alter fetal acid-base bal-
ance is probably different: the effect on CO2 transport 
might be expected to be detectable before an effect via the 
maternal (and fetal) kidney becomes manifest. Furthermore, 
differences in the time courses and relative magnitudes of 
these different mechanisms from animal to animal could ac-
count for some of the variability found from experiment to 
exper iment. 
To attempt to gain some insight into the different ef-
fects of C.A. inhibition by acetazolamide administered to 
the fetal lamb, 3 sheep were operated with implantation of 
catheters in a fetal femoral artery and vein, the umbilical 
vein, a major tributary of the ovarian vein, and a maternal 
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TABLE S. VI Values of pH, PCO^ PO2> BE and bicarbonate of 
the fetal femoral artery (FA), umbilioal vein (FV), ovarian 
vein (MV) and maternal carotid artery (MA) before acetazo-
lamide was given (0) and at hourly intervals during the 
infusion (1, 2, 3, 4) and for 2 hours thereafter. SH No. 










































































































































































carotid artery. In addition, a catheter was placed in the 
bladder of the fetus. Only one of the 3 fetuses survived 
more than 24 hours following operation. Acetazolamide was 
administered to this fetus, intravenously, following the 
same dosage scheme used in the earlier experiments: a 50 mg 
bolus followed by an infusion of 50 mg/hr for 4 hours. 
Blood samples were attempted from the fetal femoral artery 
(FA), umbilical vein (FV), ovarian vein (MV) and maternal 
carotid artery (MA) before the drug was given and at hourly 
intervals during the infusion and for 2 hours thereafter. 
The results of the biochemical determinations on the sam-
ples obtained are listed in table 5.VI. No sample could be 
obtained from the umbilical vein catheter during the infu-
sion, although pre- and postinfusion samples were obtain-
able. Also, no sample could be obtained from the bladder 
catheter at any time. 
Since th 
iment, and 
e values in table 5 
since for mechanica 
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First, a mild fetal respiratory acidosis developed 
during the first hour of acetazolamide infusion and persis-
ted with little further change until the end of the obser-
vation period. This was partially compensated at all samp-
ling times by an increase in fetal plasma IHCO3-J. 
Second, a partial block to the placental transfer of CO2 
is apparent from the first hour of the infusion onward, as 
suggested by the widening of the FA:MA and FA:MV gradients 
for PCO2. unfortunately no FV samples could be obtained 
until after the infusion, but a substantial FV: MV gradient 
for PCO2 was present in the 5- and 6-hour sample pairs. 
Third, an effect on maternal plasma bicarbonate was 
already present after 1 hour of acetazolamide, but this 
did not reach a maximum until the 3-hour sample. The mater-
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nal metabolic acidosis was initially partially compensated 
by a decrease in P
a
C02; but from the 4-hour sample onward, 
the MA P
a
C02 had increased to near control levels whereas 
the bicarbonate concentration remained depressed. The 
course of the maternal P
a
C02 suggests relative hyperventil-
lation at 2 and 3 hours, and relative hypoventιllation at 4 
and 5 hours. 
The reversal of the F : M gradient for bicarbonate and 
the maintenance of high fetal levels of bicarbonate in the 
face of depressed maternal plasma HCOj" reflect the rela­
tive slowness with which this ion crosses the placental 
membrane. The extent of the effect of increased maternal 
bicarbonaturia on fetal plasma HCO3 - cannot be judged 
from the present data. Since bicarbonate does cross the 
placenta by passive diffusion, however, there must have 
been a net transfer of bicarbonate from fetus to mother 
from the second hour of the experiment onward, even though 
this is not apparent from the MA : MV sample pairs. 
Since no fetal urine could be obtained in this experi­
ment, the effect of C.A. inhibition on the composition of 
fetal urine could not be assessed. The rather considerable 
and sustained elevation in fetal plasma HCO3 - suggests, 
however, that there was no great loss of bicarbonate via 
the fetal kidneys. 
In comparison to the average changes found in the 5 
fetuses studied earlier (figs. 5.1 - 5.5), this fetus 
demonstrated a smaller but more stable degree of acidosis, 
a somewhat greater increase in P
a
C02, and a more rapid rise 
in HCO3 - . The sharp decreases in pH and НСОз" after the 
end of the infusion were also not found in this experiment. 
This experiment thus did not provide a conclusive explana­
tion of the pattern and variability of the fetal acid-base 
changes observed following administration of acetazolamide 
to the fetus. However, these observations confirmed the 
operation of at least 2 separate mechanisms by which the 
composition of fetal plasma is affected by acetazolamide: 
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directly by inhibition of CO2 exchange across the placenta, 
and indirectly by producing a decrease in maternal plasma 
bicarbonate and pH. As suggested above, differences in the 
time-courses and magnitudes these 2 effects among individ-
ual animals could account for the variability in pattern 
and magnitude of the changes in acid-base measurements 
observed in the 5 fetuses studied earlier. 
No changes in FHR and variability were observed during 
the acidosis produced by acetazolamide. This is in contrast 
to the observations during acute respiratory acidosis pro-
duced by the administration of high CO2 gas mixtures to the 
ewe (QUILLIGAN et al., 1971; BODDY et al., 1974). 
Another observation deserving comment was the increase 
in the proportion of time spent in the HV ECoG activity 
state with a concomitant decrease in LV ECoG activity du-
ring acetazolamide administration. BODDY and coworkers 
(1974) reported an increase in the proportion of LV ECoG 
during hypercapnia with mild acidosis in fetal lambs. MANN 
and colleagues (1972) reported no changes in brain func-
tion, as assessed by ECoG, over a considerable range of CSF 
PCO2 values; however, these results were obtained during 
acute experiments. Van HEYST (1968) has demonstrated that 
in human adults the cerebral blood flow is of importance 
for the homeostasis of the CSF pH. A rise of the CSF PCO2 
causes an increase of cerebral blood flow and consequently 
more CO2 is transferred from the brain. The relation P a c o 2 ~ 
carotid blood flow in the fetal lamb appears not to be so 
clear. Several authors (ASSALI et al., 1962; CAMPBELL et 
al., 1967; PURVES and JAMES, 1969; MANN, 1970) reported a 
positive effect of increased P aC02 on the cerebral blood 
flow similar to that observed in the adult animals. Others 
(QUILLIGAN et al., 1971; KJELLMER et al., 1974: ASHWAL and 
LONGO, 1982) reported little effect of P aC02 on the cere-
bral blood flow in the fetus. The first group, however, 
observed in a later study using radioactive microspheres 
that there was an increase in cerebral blood flow when the 
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fetus was rendered hypercapnic, with a concomitant decrease 
in the blood flow to the extracerebral cephalic structures 
(DUNNIHOO and QUILLIGAN, 1973). Thus using total carotid 
blood flow as an index of brain blood flow may lead to 
incorrect conclusions. 
BODDY and coworkers (1974) suggested that elevation of 
the Pac02 increases cerebral blood flow and consequently 
changes the ECoG activity from HV to LV. JOST (1969) on the 
other hand, found an increase in carotid blood flow in 
fetal lambs when the ECoG changed spontaneously from LV to 
HV activity. 
The findings in this study, an increase in the time 
spent in HV during hypercapnia and acidosis, are directly 
opposite to the observations BODDY and coworkers. The pat-
tern of change in fetal pH, PaC02» BE and bicarbonate 
during acetazolamide infusion were not the same as those 
produced by administration of a high CO2 gas mixture to the 
mother. With acetazolamide the initial change was one of 
mixed respiratory and metabolic acidosis; and although some 
compensation for the respiratory component occurred later, 
it was only partial. The metabolic acidosis component may 
have been responsible for the increase in HV in our experi-
ments .Metabolic acidosis is known to have a sedative effect 
on brain activity (RALL and SCHLEIFER, 1980). Alternativi-
ty, the increase in HV may have been a direct effect of the 
acetazolamide itself. 
The effect on fetal breathing movements of increased 
pa c o2 a n d decreased pH induced by acetazolamide is in 
general agreement with observations of BODDY et al. (1974). 
Increases in amplitude of the fetal breathing movements and 
inspiratory slope were observed. The same results were 
reported by CHAPMAN and coworkers (1980). No consistent 
change in frequency was noted either by the investigators 
cited or in this study. The proportion of time during which 
fetal breathing movements were present was diminished in 
the present experiments, in contrast to the increase 
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observed by BODDY et al. and by CHAPMAN and coworkers; how­
ever, the decrease in our experiments can be explained by 
the decrease in the proportion of time spent in LV. 
Although the PCO2 and the pH of the CSF were not measured 
in our experiments nor in those of BODDY et al. and CHAPMAN 
et al., a reasonable explanation for the observed effects 
on fetal breathing movements is that an increase in CSF 
PCO2 and/or decrease in pH stimulated the medullary respi­
ratory chemoreceptors, leading to a relative hyperpnea. 
This hypothesis is supported by the observations of 
BISSONETTE et al. (1981), who found an increase in the 
amplitude of fetal breathing movements when the CSF space 
was perfused with acidic buffer solutions. Unfortunately 
the ECoG pattern was not recorded in the experiments of 
BISSONETTE et al. 
In fetal lamb, severe acidosis premortem caused apnea 
followed in some instances by continuous breathing, gasps 
and episodic breathing with gasps (PATRICK et al., 1976). 
The mean P
a
C02 values in these experiments were 45 mmHg (6 
kPa) in the controls and 64 mmHg (8.5 kPa) in the group 
with gasping. No relation was seen between Ра^Ог and 
breathing patterns. CHAPMAN and coworkers (1978) studied 
breathing movements before death in fetal lambs and noted 
hypoxemia during the apnea and also during periods of 
abnormal regular breathing 14 hours before fetal death. The 
P
a
C02 and pH during the apneic periods were within the nor­
mal range; but during the following period of abnormal 
regular breathing, the p
a
C02 was increased and the pH was 
very low (7.05). The ECoG showed LV activity during these 
abnormal breathing movements. 
Both central and peripheral chemoreceptor mechanisms 
could stimulate increased breathing movements in response 
to asphyxia (BISCOE and PURVES, 1965; DAWES et al., 1969; 
HERRINGTON et al., 1971; COMLINE and SILVER, 1974). It is 
likely that the breathing patterns observed before death in 
fetal lambs are normal responses to asphyxia (PATRICK et 
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al., 1976). In the present study, the mean P
a
02 aid not 
change during the period of acetazolamide infusion, so the 
change in breathing pattern must be due to either P
a
C02 or 
pH changes. Since in two fetuses (which also exhibited 
increased amplitude of fetal breathing movements) no change 
in arterial P
a
C02 was detected, it seems likely that the 
stimulation of FBM was due to activation of chemoreceptors 
within the CNS, due to an increase in PCO2 (or decrease in 
pH) in the CSF or brain tissue. In acute experiments, MANN 
and coworkers (1972) observed a lower pH in the CSF than in 
the carotid artery of fetal lambs, as a result of lower 
bicarbonate and higher PCO2 levels in the CSF. Measurement 
of the PCO2 in CSF is difficult, however, because of the 
minimal buffering capacity of CSF (FOLGERING and SMOLDERS, 
1977). 
This part of the study can be summarized as follows: 
1. Infusion of acetazolamide in the doses and for the 
period of time used causes a 3-phasic effect on pH and 
blood gas values: 
a initial development of a mixed respiratory and meta­
bolic acidosis; 
b subsequent development of a partially compensated 
respiratory acidosis; and 
с a metabolic acidosis developing rapidly after the end 
of the infusion. 
2. The proportion of time spent in HV ECoG activity 
increased during infusion of acetazolamide. 
3. The amplitude and the inspiratory slope of the fetal 
breathing movements increased during acetazolamide 




The findings of the individual parts of this investiga-
tion have been separately discussed in the preceding chap-
ters. At this point an attempt will be made to bring these 
findings together into an overview of the relationship 
between brain activity and heart rate and breathing move-
ments in the fetal lamb during the last weeks of pregnancy. 
Brain activity is here construed broadly to include not 
only the recorded electrical activity of the cortex, but 
also the expression of brain activity in such phenomena as 
fetal breathing and somatic motility. For comparison, 
selective reference will be made to some observations in 
the human fetus and neonate. Since in all likelihood only a 
beginning has been made in unravelling all of the relation-
ships between the activity of the central nervous system 
and heart rate in the fetus, the summary presented here is 
almost certainly an oversimplification. 
6.1 Brain activity and heart rate 
In the fetal lamb, average heart rate is related to ECoG 
activity pattern, the heart rate being higher during HV 
than during LV periods (MANN et al., 1974; RUCKEBUSCH et 
al., 1977; CLAPP et al., 1980; and this investigation). 
This pattern of increased heart rate during HV epochs per-
sists in the newborn period (own observation). In the human 
fetus and neonate and in both young and adults of some 
other species, variations in average heart rate with sleep 
and/or behavioral state have also been described. In most 
cases, however, the pattern is the opposite of that observ-
ed in the fetal lamb, the average heart rate being higher 
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during the periods (REM-sleep, behavioral state 2) most 
nearly analogous to LV in the fetal lamb than in the HV-
equivalent periods (see 1.7.3). The findings of this inves-
tigation (chapter IV) demonstrate an increase in adrenergic 
cardio-accelerator tone during HV, whereas in most other 
species studied (including man) the balance of evidence 
supports a relative dominance of sympathetic activity in 
the LV-equivalent states. 
The reason for this difference in pattern of the balance 
of autonomic influences on mean heart rate between the 
young of sheep and most other species studied is not clear. 
The fetal lamb exhibits greater somatic motility during HV 
states than do most other species. Since the heart rate 
remains high during periods without movements (see 3.6.2), 
however, the elevated heart rate during HV is not simply an 
effect of muscular exercise. Unfortunately, to our knowl-
edge comparable observations of heart rate and ECoG activ-
ity have not been made in adult sheep nor in the fetuses of 
other ungulate species. Therefore, it is not possible to 
say whether this pattern of increased heart rate during HV 
ECoG states occurs more widely in this group of animals. 
The phenomenon of an effect of brain activity state on 
average heart rate is thus common to the fetus and neonate 
of both man and sheep, and, indeed, to many other species 
in which these observations have been carried out. There 
are differences between species (i.e. man, sheep) in the 
direction of this effect although the underlying mechanism, 
a state-related change in sympathetic cardioaccelerator 
tone, appears to be similar. 
It is not intended to imply that the electrocort ical 
activity is the direct cause of the change in the balance 
of sympathetic tone in the different sleep states. It is 
more likely that both the synchronization/desynchronizat ion 
of electrocortical activity and the alteration in the bal-
ance of autonomic activity are expressions of changes in 
activity pattern at multiple levels in the central nervous 
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system. The hypothalamus, in particular, is believed to be 
involved importantly in the altenation of brain activity 
states and at the same time is the principal locus of inte-
gration of autonomic nervous system activity. That hypotha-
lamic influences on heart rate and blood pressure are 
already established during the late fetal period in sheep 
was demonstrated by the stimulation experiments of WILLIAMS 
et al., ( 1976). 
Heart rate variability in both sheep and human fetuses 
is affected by brain activity state. This is most apparent 
for the so-called long term variability component, the 
oscillations at about 0.05-0.4 Hz. These are increased in 
LV/state 2F in comparison to HV/state IF epochs (chapter 
III, NIJHUIS et al., 1982). Because the FHR perturbations 
associated with fetal movements are also in or near this 
frequency range, a state-related change in long term varia-
bility was not initially apparent in the fetal lamb. When 
the difference in somatic motility between state 1F (human) 
and HV (sheep) epochs was taken into account, however, the 
similarity in the pattern of change in long term variabili-
ty with brain activity state in human and ovine fetuses 
could be demonstrated. 
An important cause of oscillations in heart rate at 
around 0.1 Hz is thought to be delay and non-linearity in 
the baroreflex (SAYERS, 1973). The difference in FHR oscil-
lations between HV and LV epochs thus suggests differences 
in the sensitivity and/or damping of the baroreflex in 
these states. Observations of DAWES et al. (1980b) and also 
experiments recently carried out in this laboratory have 
demonstrated a lower baroreflex sensitivity in HV than in 
LV epochs in fetal sheep. Preliminary analysis of Nijmegen 
experiments also suggested a greater delay in the FHR 
response to sudden changes in blood pressure in HV than in 
LV.Both of these factors would tend to reduce baroreflex-
related fluctuations in FHR during HV in comparison to LV 
epochs. One can speculate that similar mechanisms, as well 
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as the absence of somatic motility, may contribute to the 
stable FHR observed in state IF epochs in the human fetus. 
In the fetal lamb, beat-to-beat variability in heart 
rate increases when fetal breathing movements are present 
(DALTON et al, 1977; chapter III). A similar increase in 
beat-to-beat variability during episodes of fetal breathing 
has also been described in the human fetus (WHEELER et al., 
1980; DAWES et al., 1981), although not all authors agree 
on this point (BOTS et al, 1978b). In the absence of fetal 
breathing, there was no change in beat-to-beat variability 
with changes in ECoG state in the fetal lamb. Similar ob-
servations have not been made with regard to an effect of 
behavioral state (in the absence of fetal breathing) on 
beat-to-beat variability in the human fetus. A complicating 
factor here is that the human fetus exhibits breathing 
movements, albeit not continually, in both states IF and 
2F. In the human newborn, van GEIJN et al. (1980a) found 
that beat-to-beat variability did indeed vary with behav-
ioral state, being greater in state 1 than in state 2. The 
neonate breathes continually, however, and state-related 
changes in breathing pattern may have contributed the find-
ings of van GEIJN et al. 
As noted earlier, fetal breathing movements are accom-
panied by phasic changes in central venous flows, cardiac 
filling and arterial blood pressure. Both the baroreflex 
and artrial filling (BAINBRIDGE) reflexes could thus be 
involved in the production of increased beat-to-beat varia-
bility during fetal breathing. Since vagotomy only reduced 
but did not eliminate this increase (4.4), local effects, 
presumably acting directly on the sinoatrial node, also 
contribute to the increase in beat-to-beat variability with 
fetal breathing movements. 
That exercise and movement can affect heart rate is well 
known. The presence of accelerations in the human FHR in 
association with fetal movements in widely used in clinical 
obstetrics as an index of fetal well-being. In the fetal 
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lamb, also, transient changes in the FHR frequently occur 
in association with the larger fetal movements. In this 
case, however, accelerations, decelerations, and combina-
tions of both accelerations and decelerations may be found 
accompanying movements in apparently normal fetuses. In the 
case of either the ovine or human fetus, these transient 
disturbances in FHR with movements can contribute to the 
"long term variability" as measured by most techniques. 
Somatic motility is one of the variables which is linked in 
the behavioral/activity states of both human and sheep 
fetuses, although the patterns of motility in analogous 
states differ in the 2 species. Thus, brain activity influ-
ences FHR through the effect of movements on heart rate. 
Once the behavioral/activity states have developed, this 
influence is systematic in both the human and sheep 
fetuses. 
The established influences of brain activity on FHR can 
be summarized in table 6.1. As can be seen from the table, 
the similarities are more numerous than the differences, 
with the only qualitative disagreement being the direction 
of the change in average heart rate between HV/1F and LV/2F 
states. 
6.2 Brain activity and fetal breathing movements 
Fetal breathing movements, or at least the very great 
majority of them, are at once an expression of brain acti-
vity and affected by brain activity state. The high degree 
of association between the breathing movements and bursts 
of impulse traffic in the phrenic nerve (BAHORIC and 
CHERNICK, 1975) demonstrates that fetal breathing movements 
reflect respiratory center activity. Sustained breathing is 
normally present only during periods of LV ECoG in the 
fetal lamb, and then both the frequency and amplitude of 
the breathing movements are irregular. Irregular fetal 
breathing is also present during state 2F periods in the 
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human fetus. But in contrast to the ovine fetus, the human 
fetus also normally exhibits breathing movements during 
state IF epochs, and then these movements are regular in 
frequency. In the fetal lamb breathing during HV ECoG has 
been induced pharmacologically by means of 3 agents: indo-
methacin, 5-hydroxytryptamine, and atropine (see 4.5.3). 
Both indomethacin and 5-HT produced continuous breathing 
during HV; and in both cases, interestingly, the breathing 
pattern was described as regular (KITTERMAN and LIGGINS, 
1980; QUILLIGAN et al., 1981). 
The relationship between brain activity (sleep, beha-
vioral) state and breathing pattern (regular, irregular) 
appears to be a very consistent one (see 1.3). One explana-
tion which has been put forward to explain this is that 
different respiratory rhythm generators are active in dif-
ferent states (PHILLIPSON and SULLIVAN, 1978). Applying 
this concept to the fetus, one can speculate that both 
generators are suppressed or, conversely, not continually 
activated during fetal life. In the human fetus, either 
generator can sometimes escape the suppression or become 
activated, whereas in the fetal lamb, this occurs normally 
only for the "LV generator". When, by pharmacologic means, 
the "HV generator" is desuppressed or activated, its regu-
lar rhythm is expressed in regular breathing movements. 
In view of the importance of noradrenergic pathways in 
the control of sleep states (1.5), it is interesting to 
note that both agents which have been shown to activate or 
release regular breathing during HV in fetal lambs could 
potentially affect noradrenergic activity in the brain, 
although in different ways. 5-HT is converted easily to 
serotonin, and the serotoninergic system is thought to 
antagonize in general noradrenergic actions in the central 
nervous system. Large doses of 5-HT also decrease brain 
catecholamine levels (McGEER et al., 1978a). Prostaglandin 
E, the synthesis of which would be inhibited by indo-
methacin, has been shown to block noradrenergic actions in 
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some locations in the brain (McGEER et al., 1978b). Thus 
indomethacin might increase the activity level in (some) 
noradrenergic systems. 
The fetal breathing which occurred during the prolonged 
period following atropine administration in these exper-
iments (Chapter VI) was of the normal irregular type and 
was present only intermittently. Here one could speculate 
that the "HV-generator" remained suppressed and the "LV 
generator" was periodically active in the normal fashion. 
It is clear from this observation that the normal suppres-
sion of fetal breathing during HV periods is not an effect 
of the electrocortical activity pattern itself. Both the 
normal alternation of HV and LV ECoG activity and of peri-
ods of sustained breathing and prolonged apnea are expres-
sions of changes in activity at other levels of the brain. 
Many questions remains to be answered before the mechanisms 
linking breathing pattern and brain activity state are ful-
ly understood. 
6.3 Brain activity state in fetal lambs 
A recurrent theme is this investigation has been that of 
state. A state is here defined as a combination of particu-
lar conditions of physiological variables which is stable 
in time and which recurs (definition modified from PRECHTL, 
1974). The definition of state allows a variety of varia-
bles to be used in defining states. PRECHTL and coworkers 
(1968a) chose behavioral variables for the human neonate, 
while sleep researchers have tended toward the use of poly-
graphic variables. Combinations of polygraphic and behav-
ioral variables are also possible, for example, as is the 
study of NIJHUIS et al. (1982) on the human fetus. 
In this investigation, polygraphic registrations were 
made; and on the basis of the behavior of the variables re-
bordea, 2 distinct states can be defined which meet the 
criteria of stable, recurring combinations. These states 
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are described in the following table (6-II). 






































* as recorded from ECG electrodes 
** observed during the first season of this investigation, 
and also as described by DAWES et al. (1972). 
The transitions from HV to LV ECoG were usually quite 
abrupt and were associated with immediate cessation of the 
prolonged EMG bursts. Several minutes often elapsed, how-
ever, before the onset of continuous breathing or eye move-
ments. Transitions from LV to HV ECoG were, on the other 
hand, gradual over several minutes; and during these trans-
itions fetal breathing movements often increased in ampli-
tude and prolonged EMG bursts began to occur before the HV 
pattern was finally established. NATALE and coworkers 
(1981) demonstrated that the frequency of forelimb move-
ments also increased during these transitions in comparison 
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to the preceding and following periods of stable ECoG pat-
tern. State transitions in the fetal lamb thus appear to be 
less synchronous than those of the mature human fetus and 
neonate, where most transitions are completed in less than 
3 minutes (PRECHTL, 1974, and NIJHU1S et al., 1982). This 
should not, however, detract from the fact that the pheno-
menon of linkage of particular conditions of several varia-
bles into recurring associations is present in both species 
during the fetal period. 
There are further similarities between the states of the 
fetal lamb and 2 of the states exhibited by the human fetus 
and neonate, and there are also differences. PRECHTL (1974) 
has described a number of state concomittants: parameters 
or variables which do not form a part of the state defini-
tion, but nonetheless show a consistent association with 
one or another state. These state concomittants include eye 
movements and EEG patterns. The pattern of fetal breathing 
movements, when these are present, is a state concomittant 
for the human fetus (NIJHUIS et al., 1982). Table 6.Ill 
presents a comparison of the HV and LV states of the fetal 
lamb with states 1/1F and 2/2F of the human fetus, using 
these state concomittant as well as somatic motility. 
From the table, it can be seen that the greatest diffe-
rence in the behavior of the variables listed occurs in the 
case of somatic motility. State 1F of the human fetus is 
characterized by "quiescence, which can be regularly inter-
rupted by brief gross body movements, mostly startles" 
(NIJHUIS et al., 1982). During HV in the fetal lamb, there 
are rather frequent prolonged movements of the trunk, as 
judged from the neck and intercostal EMG signals, changes 
in the configuration of the QRS complex of the fetal ECG, 
and transient increases in intrathoracic and blood pres-
sures. RUCKEBUSCH et al. (1977) has also described "complex 
movements" involving trunk and extremities occurring during 
periods of HV ECoG activity. Brief movements (twitches) are 
present in both sheep and human fetuses during LV/2F, but 
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the periodic gross movements which can be present during 
state 2F of the human fetus are absent during LV of the 
sheep fetus. The other state parameters are rather similar 
between the 2 species, except for the sometime occurrence 
of continuous regular breathing during state IF of the 
human fetus and the total absence of continuous breathing 
during HV in fetal lambs. The similarities and differences 
in heart rate variables have been presented earlier (Table 
V I - I ) . 
In the human fetus, linkage of the separate variables to 
produce states with synchronous or nearly synchronous 
alterations of parameters at state transitions appears 
rather abruptly at about 36 to 37 weeks' gestation (NIJHUIS 
et al., 1982). Comparable observations of the ontogenesis 
of states in the fetal lamb have not been reported. The 
states as here described were present in the 120 to 125 
days fetuses, the youngest ones studied in sufficient num-
bers to permit conclusions. Moreover, since ECoG was the 
variable to which the other variables were related in this 
study, a different strategy would have to be employed in 
the period before 120 days when the ECoG does not yet show 
clear differentiation into HV and LV patterns. 
Parenthetically, it should be noted that, although dif-
ferentiation of the ECoG into periods of HVLF and LVHF is 
present in the fetal lamb from 120 days onward and is also 
present in the premature human newborn at 36 weeks 
(DREYFUS-BRISAC, 1970), the presence of differentiated ECoG 
patterns is not a prequisite to the development of states. 
GRAMSBERGEN et al. (1970) have shown that states can be 
recognized in rat pups well before a differentiated EEG is 
present (GRAMSBERGEN, 1976). 
In the fetal lamb the proportions of time spent in HV 
and LV are approximately equal, and the balance does not 
change significantly during the last 3 weeks of pregnancy 
(see 3.2.2). After birth, however, the proportion of time 
spent in REM-sleep (equivalent to the LV intrauterine 
153 
state) decreases immediately to about 12%, whereas the per-
cent of time occupied by NONREM-sleep does not change 
(RUCKEBUSCH, 1972; RUCKEBUSCH et al., 1977). The decrease 
in REM-sleep is balanced by an increase in the time spent 
in the awake states (idem). A rapid decrease in the propor-
tion of time spent in REM-sleep (state 2) also occurs in 
the newborn rat. In this case, however, the change occurs 
on the 10th day after birth and coincides with the appear-
ance of differentiated EEG patterns (GRAMSBERGEN et al., 
1970; GRAMSBERGEN, 1976). In man, on the other hand, birth 
does not influence the distribution of time among the 
several states except for a transient increase in wakeful-
ness on the day of delivery (PRECHTL, 1974; THEORELL et 
al., 1973). The decrease in the proportion of time occupied 
by REM-sleep and the increase in waking time occur gradual-
ly during the years of infancy and childhood. These 3 pat-
terns (sheep, rat and man) highlight the importance of both 
the timing and rate of maturation of the nervous system in 
the distribution of states. 
The immediate rapid decrease in REM-sleep and increase 
in wakefulness following birth in sheep suggest that in 
this species the nervous system has already developed the 
capacity for much waking time in utero, but that this is 
suppressed until birth, with REM-sleep filling most of the 
potential waking time. Alternatively, the level and rela-
tive uniformity of sensory inputs in utero may not provide 
an adequate stimulus for the development of a high propor-
tion of wakefulness during fetal life. This latter hypothe-
sis, at least, should be susceptible to experimental test-
ing. The mechanisms by which several physiological varia-
bles become linked, the phenomenon underlying "state", 
would also appear to be a potentially fruitful area for 
correlated neuropharmacological and neuroanatomica 1 study 
during the fetal late period when this linkage is just 
being established. The state-related occurrence of breath-
ing movements in the fetal lamb would appear to be an 
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attractive model with which to investigate the central 
generation of respiratory drive, since in the fetus the 
placenta and not the lungs fulfills the function of respi-
ratory gas exchange. Finally, the effect of chronic intra-
uterine hypoxia and/or undernutrition on the development 
and expression of states in the fetus, using the fetal lamb 
as a model which can be manipulated perhaps a bit more pre-
dictably than the experiments of nature resulting from com-
plications of human pregnancy, is an area of study of clear 
clinical relevance. 
In short, this investigation, as is so often the case, 
has raised more questions than it has answered. 
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SUMMARY 
This study was undertaken to investigate the relation-
ship between electrocorticographic states in the fetal lamb 
and other physiological variables such as heart rate, heart 
rate variabi1 ity, breathing movements and body movements. 
In CHAPTKR I the literature about sleep states is re-
viewed. The behavior of such variables as breathing move-
ments and heart rate in relation to the different sleep 
states appears to be species-dependent. REM sleep and 
NONREM sleep appears to exist in near term human and sheep 
fetuses. In the fetal lamb electrocortical activity shows 
differentiation into two distinct patterns correspondending 
to these sleep states. Relationships have been demonstrated 
between these electrocortical activity patterns, heart rate 
and breathing movements in the fetal lamb. 
In CHAPTER II the surgical and recording procedures in 
the chronic fetal sheep preparation are described. The data 
processing techniques are also described. 
In CHAPTER III the results are described. In our hands 
54% of the animals met the criteria for successful prepa-
ration and were available for study. Two distinct electro-
cortical activity states could be recognized: periods of 
low voltage fast activity (LV) alternated with periods of 
high voltage slow activity (HV). The proportion of time 
spent in LV was 40%-50%. HV increased from 26% at 110-120 
days to 47% at full term. The fetal heart rate was found to 
be state related, with the mean heart rate higher during HV 
than during LV activity state. The mean fetal heart rate 
decreased with advancing gestational age in both HV and LV 
states. The difference in mean fetal heart rate between HV 
and LV periods increased with advancing gestational age. 
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The mean difference in RR interval duration between HV and 
LV was 16 ms at 121-125 days and 34 ras at 136-143 days of 
gestat ion. 
Beat-to-beat fetal heart rate variability, as measured 
by the interval difference (ID) index, was found to be 
strongly related to the presence or absence of rapid 
irregular fetal breathing movements, which occur only 
during LV ECoG. The ID index was only slightly affected by 
fetal somatic movements. 
Fluctuations in the fetal heart rate, as quantified by 
the long term irregularity (LTI) index, were found to be 
related to both electrocortical activity state and fetal 
somatic movements. The LTI index was increased during fetal 
somatic movements; but in the absence of body movements, 
LTI was lower in HV than in LV. The fetal motility pattern 
was also found to be related to electrocortical activity 
state: brief movements occurred with equal frequency in HV 
and LV, but prolonged movements were mainly restricted to 
periods of HV and transitions from LV to HV. 
CHAPTER IV deals with the influence of the autonomic 
nervous system on the state-related heart rate shift. 
Selective autonomic blockade was performed with the ß-ad-
renergic blocking agent propranolol, with the cholinergic 
blocking agent atropine and by means of vagotomy. 
The state-related shift in the mean fetal heart rate was 
diminished or abolished after ß-adrenergic blockade. 
Cholinergic blockade with atropine caused a change in 
electrocortical activity pattern from LV to persisting HV; 
however, fetal breathing movements continued to occur peri-
odically during the prolonged HV episode. Atropine thus ap-
pears to uncouple the electrocortical activity pattern from 
the cycling at other levels of the central nervous system. 
The atropine experiments were therefore not suitable for 
the study of state-related effects on the fetal heart rate. 
After vagotomy, there was an increase in fetal heart ra-
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te and blood pressure during fetal breathing movements, but 
no consistent effect of electrocortical activity state per 
se. It was concluded that sympathetic tone is increased du-
ring HV ECoG in the intact fetal lamb. Furthermore, there 
is also an increase in sympathetic tone during fetal 
breathing probably caused by the muscular work of breath-
ing. In the intact fetal lamb this increase is counterba-
lanced by increased vagal tone, probably resulting at least 
in part from the baroreflex. 
CHAPTER V describes the effect of acetazolamide on the 
fetal electrocortical activity patterns, fetal breathing 
movements and fetal arterial blood acid-base balance. Ace-
tazolamide produced fetal acidosis with increased PaC02 and 
decreased (HCO3-) in differing degrees in individual exper-
iments. During the acidosis there was an increase of the 
proportion of time spent in HV electrocortical activity. 
The amplitude and the slope of the fetal breathing move-
ments increased; however, continuous fetal breathing 
remained restricted to periods of LV. The effect of aceta-
zolamide on the relative proportions of HV and LV fetal 
electrocortical activity was the opposite of that of acute 
respiratory acidosis induced by administration a high CO2-
containing gas mixture to the mother. This may be caused by 
a direct effect of acetazolamide on the cerebrum. The ef-
fect on fetal breathing movements was in agreement with the 
literature and is probably mediated by increased PCO2 
and/or decreased pH in the cerebrospinal fluid. 
In CHAPTER VI the mechanisms by which brain activity, 
broadly construed, is thought to affect heart rate in the 
fetal lamb are discussed. Average heart rate and long terra 
heart rate variability vary with electrocortical activity 
state. Changes in autonomic sympathetic tone were shown in 
this investigation to be responsible for the change in av-
erage heart rate. State-related changes in baroreflex ac-
158 
tivity may be responsible for the changes in long terra 
variability. Somatic motility patterns and the presence or 
absence of fetal breathing movements are linked to the 
electrocortical activity states, and both of the former af­
fect fetal heart rate variability. The effects of brain ac­
tivity on the heart rate of the fetal lamb are compared 
with those (reported in the literature) in the human fetus. 
Both similarities and differences are present, but in both 
species it is clear that brain activity state exerts impor­
tant influences on fetal heart rate and variability. 
The relationship between brain activity state and fetal 
breathing movements is discussed. Breathing movements ap­
pear to be suppressed during the fetal period. In the fetal 
lamb they normally escape this suppression only during LV, 
and then the breathing rhythm is irregular. In the human 
fetus breathing movements can escape suppression also in 
the HV-equιvalent state (IF), and then the breathing rhythm 
is regular. Continuous fetal breathing during HV can be in­
duced pharmacologically in fetal lambs; and with some 
agents ( indomethacin , 5-hyroxy t r y p t a m m e ) , this breathing 
is also regular in rhythm. These observations demonstrate 
that the potential for a regular breathing rhythm during HV 
is present in the fetal lamb although it is normally not 
expr essed. 
The association of particular parameters of several 
physiological variables (electrocortical activity, heart 
rate, breathing movements, eye movements and somatic move­
ments) into stable, recurring constellations m the fetal 
lamb near term demonstrates the existence of states during 
the late fetal period in sheep, as is also the case in 
man. When the behavior of the same state variables and con­
comitants is compared between the ovine and human fetuses, 
a number of similarities are present. The greatest differ­
ence occurs in the case of somatic motility. The phenomenon 
of alternating patterns of central nervous system activity 
finding expression in alternating patterns of function is 
common to both species. 
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SAMENVATTING 
Deze studie werd verricht teneinde in het foetale lam de 
relatie te onderzoeken tussen electrocorticaIe activiteits 
toestanden en andere fysiologische variabelen zoals: hart-
frequentie, hartfrequentie variabiliteit, adembewegingen en 
lichaamsbewegingen. 
In HOOFDSTUK I wordt een overzicht gegeven van de lite­
ratuur aangaande slaaptoestanden. Het gedrag van de varia­
belen als adembewegingen en hartfrequentie blijven afhan­
kelijk van de soort te zijn. REM slaap en NONREM slaap 
blijken bij de ongeborene tegen het einde van de zwanger­
schap voor te komen, zowel bij de mens als bij het schaap. 
Hersenactiν ite it in het foetale lam vertoont differentiatie 
in twee duidelijk te onderscheiden patronen, overeenkomstig 
deze slaaptoestanden. Relaties werden aangetoond tussen 
deze hersenacti νiteits patronen, hartfrequentie en adem­
bewegingen in het foetale lam. 
In HOOFDSTUK II worden de operatie- en registratie me­
thoden beschreven. Verder wordt aandacht besteed aan de 
techniek betreffende de data verwerking. 
In HOOFDSTUK III worden de resultaten vermeld. 54% van 
de geopereerde dieren voldeed aan de voorwaarden om bestu­
deerd te kunnen worden. 
Twee duidelijke te onderscheiden patronen van electro-
corticale activiteit waren herkenbaar: perioden met laag 
voltage en hoge frequentie (LV) afgewisseld door perioden 
met hoog voltage en lage frequntie (HV) . LV ECoG komt 
40-50% van de tijd voor. HV nam toe van 26% bij 110-120 da­
gen tot 47% tegen het einde van de zwangerschap. De foetale 
hartfrequentie was toestans-afhankelijк. De gemiddelde 
hartfrequentie was hoger tijdens HV dan tijdens het LV ECoG 
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stadium. De gemiddelde hartfrequentie nam af naar gelang de 
zwangerschap vorderde. Het verschil in de gemiddelde hart-
frequentie tussen HV en LV perioden nam toe met de zwanger-
schapsduur. Slag-slag verschillen gemeten met behulp van de 
"interval difference (ID) index", waren sterk gerelateerd 
aan het al of niet aanwezig zijn van foetale adembewe-
gingen. De ID index werd nauwelijks beïnvloed door foetale 
lichaamsbewegingen. 
Langzamere fluctuaties in de foetale hartfrequentie, 
gekwantificeerd met behulp van de LTI index, waren gerela-
teerd zowel aan het ECoG patroon als aan foetale bewegin-
gen. De LTI index steeg tijdens foetale bewegingen; maar 
indien foetale bewegingen afwezig waren, was de LTI index 
lager tijdens HV dan tijdens LV E C O G . 
Het foetale bewegings patroon was eveneens afhankelijk 
van het ECoG stadium: korte bewegingen kwamen gelijkelijk 
verdeeld voor tijdens HV en LV, maar langduriger bewegingen 
kwamen voornamelijk voor tijdens HV en de overgangen van LV 
naar HV. 
In HOOFDSTUK IV wordt de invloed van het autonome zenuw-
stelsel op de stadium-afhankelijke hartfrequentie onder-
zocht. Selective ß-adrenergische blokkade werd verkregen 
met propranolol, cholinergische blokkade met atropine en 
door middel van vagotomie. 
De stadium-afhankelijke verandering in de gemiddelde 
hartfrequentie was verminderd of verdwenen na de ß-adrener-
gische blokkade. 
Cholinergische blokkade met atropine veroorzaakte een 
verandering in het ECoG patroon van LV naar langdurig HV; 
foetale adembewegingen echter bleven periodiek aanwezig 
tijdens deze langdurige HV periodes. Atropine blijkt dus de 
electrocorticale activiteit te ontkoppelen van cyclische 
fenomenen op andere niveaus van het centrale zenuwstelsel. 
Daarom waren de atropine experimenten niet geschikt voor de 
bestudering van toestans-afhankelijke effecten op het foe-
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tale hartfrequentie patroon. 
Na vagotomie was er een stijging van de har tf requent ie 
en de bloeddruk tijdens foetale adembewegingen, maar geen 
consistent effect van de ECoG toestand zelf. 
Er wordt geconcludeerd dat de sympathische tonus is ver-
hoogd tijdens HV ECoG in het intacte foetale lam. Bovendien 
was de sympaticus activiteit verhoogd tijdens foetale adem-
bewegingen, wat waarschijnlijk veroorzaakt wordt door adem-
spieractiviteit. In het intacte lam wordt deze stijging van 
sympathicus tonus teniet gedaan door de verhoogde vagus to-
nus, waarschijnlijk, tenminste voor een deel, als resultaat 
van de baroreflex. 
In HOOFDSTUK V.wordt het effect beschreven van acetazol-
amide op foetale electrocorticale act iviteitstoestanden, 
foetale adembewegingen en arterieel zuur-base evenwicht. 
Acetazolamide veroorzaakte foetale acidóse met een verhoogd 
P aC02 en verlaagd HCO-j- in verschillende mate in de indi-
viduele experimenten. Tijdens de acidóse nam het percentage 
HV ECoG toe. De amplitudo en de helling van de foetale 
adembeweging steeg; continue foetale adembewegingen bleven 
echter beperkt tot de periodes van LV ECoG. Het effect van 
acetazolamide op de verhouding LV en HV was tegengesteld 
aan het effect hierop van acute respiratoire acidóse ver-
kregen door toediening van een hoog C02-houdend gasmengsel 
aan de moeder. Dit kan veroorzaakt worden door een direct 
effect van acetazolamide op het centrale zenuwstelsel. Het 
effect op de foetale ademhaling was in overeenstemming met 
de literatuur en het is waarschijnlijk dat een verhoogd 
PCO2 en/of een verlaagde pH in de hersenvloeistof hierbij 
een rol speelt. 
In HOODSTUK VI worden de mechanismen besproken, via wel-
ke de hersenacti ν ite it verondersteld wordt de hartfrequen-
tie in het foetale lam te beïnvloeden. Gemiddelde hartfre-
quentie en de langzame hartfrequentie variabiliteit 
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varieert met electrische hersenactiviteit. Veranderingen in 
de sympaticus tonus zijn verantwoordelijk voor de verande-
ringen in de gemiddelde hartfrequentie. Stadium-afhanke-
lijke veranderingen in de baroreflex activiteit zijn moge-
lijk verantwoordelijk voor de veranderingen in de langzame 
hartfrequentie variabiliteit. 
Lichaamsbewegings patronen en de aan- of afwezigheid van 
foetale adembewegingen zijn gekoppeld aan de ECoG activi-
teits stadia, en beide fenomenen beïnvloeden de hartfre-
quentie variabiliteit. 
De effecten van hersenactiviteit op hartfrequentie in 
het foetale lam worden vergeleken met de gegevens (vermeld 
in de literatuur) van de menselijke foetus. Zowel overeen-
komsten als verschillen zijn aanwezig, maar in beide soor-
ten is het duidelijk dat hersenactiviteits stadia een be-
langrijke invloed uitoefenen op de hartfrequentie en hart-
frequentie variabiliteit. 
De relatie tussen hersenactiνiteit en foetale adembewe­
gingen wordt besproken. Adembewegingen lijken onderdrukt te 
worden tijdens de foetale periode. In het foetale lam wordt 
deze remming gewoonlijk onderbroken tijdens LV ECoG, het 
ademritme is dan onregelmatig. In de menselijke foetus 
komen adembewegingen wel voor tijdens het HV-equivalente 
stadium (IF), terwijl het ritme dan regelmatig is. Continue 
adembewegingen tijdens HV kunnen farmacologisch geïnduceerd 
worden in het foetale lam, en met sommige farmaca (indo-
methacine, 5-hydroxytryptamine) zijn deze adembewegingen 
ook regelmatig. Deze observaties tonen de potentiële aanwe-
zigheid aan van regelmatige adembewegingen tijdens HV in 
het foetale lam, ofschoon dit onder normale omstandigheden 
niet tot uitdrukking komt. 
Het samengaan van afzonderlijke parameters van de diver-
se fysiologische variabelen (electrocorticale activiteit, 
hartfrequentie, adembewegingen, oogbewegingen en lichaams-
bewegingen) in stabiele, steeds terugkerende constellaties 
in het foetale lam tegen het einde van de zwangerschap, 
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tonen het bestaan van stadia tijdens deze periode bij scha-
pen, evenals dit het geval is bij de mens. Wordt het gedrag 
van dezelfde stadia variabelen en begeleidende verschijnse-
len in het schaap en de mens vergeleken, dan blijken er een 
aantal overeenkomsten aanwezig. Het voornaamste verschil 
bestaat in de lichaams bewegingen. Het fenomeen van alter-
nerende patronen van het centrale zenuwstelsel, resulterend 




ABRAMS, J.S. (1972) Fetal surgery in sheep: Technique and 
results of S3 intrauterine procedures. J. Surg. Res. 
13, 249-259 
AHLFELD, F. (1Θ88) Über bisher noch nicht beschriebene 
intrauterine Bewegungen des Kindes. Verhandelungen der 
Deutsche Ges. Gyn. 2^ , 203-210. 
AHLFELD, F. (1905) Die intrauterine Tätigkeit der Thorax-
und Zwerchfell muskulatur. Intrauterine Atmung. Monat-
schr. für Geburtshilfe und Gynäcologie. 2_1_, 143-163. 
ALDREDGE, J.L. and WELCH, A.J. (1973) Variations of heart 
rate during sleep as a function of the sleep cycle. 
Electroenc. and Clinical Neurophysiology. _3_5, 193-198. 
ASERINSKY, E. and KLEITMAN, N. (1953) Regularly occurring 
periods of eye motility, and concomitant phenomena 
during sleep. Science 118, 273-274. 
ASHWAL,S. and LONGO,L.D. (1982) Oxygen not carbon dioxide 
regulates fetal lamb cerebral blood flow. Society of 
Gynecological Investigation. 29 t h Annual Meeting, 
Dallas, Texas, page 78. 
ASSALI, N.S., HOLM, L.W., SEHGAL, N. (1962) Hemodynamic 
changes in fetal lamb in utero in response to asphyxia, 
hypoxia and hypercapnia. Circ. Res. _1_1_, 423-430. 
ASSALI, N.S., BRINKMAN III, C.B., WOODS jr, J.R., 
DANDAVINO, Α., NUWAYHID, B. (1977) Development of neuro­
humoral control of fetal, neonatal, and adult cardiovas­
cular functions. Am. J. Obstet. Gynecol. 129, 748-758. 
AUTRET, Α., MINTZ, M., BEILLEVAIRE, T., CATHALA, H.P., 
SCHMITT, M. (1977) Effect of Clonidine on sleep patterns 
in man. Europ. J. Clin. Pharmacol. _1_2, 319-322. 
BAHORIC, A. and CHERNICK, V. (1975) Electrical activity of 
phrenic nerve and diaphragm in utero J. Appi. Physiol. 
39, 513-518 
165 
BARCROFT, J. and BARRON, D.M. (1937) Movements in mid-
foetal life in sheep embryo. J. Physiol. 91, 329-351. 
BEANI, L., BIANCHI, С , GIACOMELLI, Α., TAMBERI, F. (1978) 
Noradrenaline inhibition of acethyIcholine release from 
guinea-pig brain. Europ. J. Pharmacol. 4_8, 179-193. 
BERLUCCHI, G., MORUZZI, G., SALVI, G., STRATA, P. (1964) 
Pupil behaviour and ocular movements during synchronized 
and desynchronized sleep. Arch. Ital. Biol. 102, 230-
245. 
BERNHARD, C.G., KAISER, L.H., KOLMODIN, G.M. (1959) On the 
Development of Cortical Activity in Foetal Sheep. Act. 
Physiol. Scand. ^7, 333-349. 
BERTHELSEN, S. and PETTINGER, W.A. (1977) A functional 
basis for classification of alpha-adrenergic receptors. 
Life Sci. 21» 595-601. 
BEVAN, P., BRADSHAW, С.M.,S ΖABADI, E. (1977) The pharma­
cology of adrenergic neuronal responses in the cerebral 
cortex: evidence for excitatory alpha- and inhibitory 
ß-receptors. Br. J. Pharmacol. 5_9, 635-642. 
BISCOE, J.T. and PURVES, M.J. (1965) Cervical sympathetic 
and chemoreceptor activity before and after the first 
breath of the newborn lamb. J. Physiol. 181, 70p. 
BISSONNETTE, J.M., HOHIMER, A.R., RICHARDSON, B.S. (1981) 
Ventriculocisternal cerebrospinal perfusion in unanaes-
thetized fetal lambs. J. Appi. Physiol: Respirât. 
Environ. Exercise Physiol. 50_, 880-883. 
BODDY, K., DAWES, G.S., FISHER, R., PINTER, S., ROBINSON, 
J.S. (1974) Fetal respiratory movements, electrocortical 
and cardiovascular responses to hypoxaemia and hypercap-
nia in sheep. J. Physiol. 243, 599-618. 
BODDY, K., DAWES, G.S. (1975) Fetal breathing. British 
Med. Bull. 21' 3-7. 
BOTS, R.S.G.M., BROEDERS, G.H.B., FARMAN, D.J., HAVERKORN, 
M.J. STOLTE, L.A.M. (1978a) Fetal breathing movements in 
the normal and the growth-retarded human fetus. Europ. 
J. Obstet. Gynec. Reprod. Biol. 8, 21-29. 
166 
BOTS, R.S.G.H., JONGSMA, H.W., BRAAT, A.J.H.M., MARTIN jr., 
C.B., HAAN, J. de (1978b) 5th Conference on fetal 
breathing. Nijmegen p. 45. 
BOTS, R.S.G.M., NIJHUIS, J.G., MARTIN jr., C.B., PRECHTL, 
H.F.R. (1981) Human fetal eye movements: detection in 
utero by ultrasonography. Early Human Development. 5_, 
87-94. 
BÜLOW, K. (1963) Respiration and wakefulness in man. Acta 
Physiol. Scand. _5J9, (suppl.) 209-225. 
CADILHAC, J., PASSOUANT-FONTAINE, T., PASSOUANT, P. (1961) 
Modification de l'activé de l'hippocampe suivant les 
divers stades du sommeil spontané chez le chat. Rev. 
Neurol. 105 , 171-176. 
CAMPBELL, A.G.M., DAWES, G.S., FISHMAN, A.P., HÏMAN , A.I. 
(1967) Regional redistribution of blood flow in the 
mature fetal lamb. Circ. Res. 2_1_, 229-235. 
CARRETTI, N. (1967) Analisi Interpretativa di alconi qua-
drielettroencefalografici fetali in travalglio di parto 
Riv. Ostet. Ginecol. 22, 390-395. 
CATHALA, H.P. and GUILLARD, A. (1961) Activité au cours du 
sommeil physiologique de l'homme. Pathol. Biol. J), 
1357-1375. 
CEDARBAUM, J.M. and AGHAJANIAN, G.К. (1977) Catecholamine 
receptors on Locus Coeruleus neurons: Pharmacological 
characterization. Eur. J. Pharmcol. _4£, 375-385. 
CHAPMAN, R.L.K., DAWES, G.S., RURAK, D.W., WILDS, P.L. 
(1978) Intermittent breathing before death in foetal 
lambs. Am. J. Obstet. Gynecol. 13 1, 894-898. 
CHAPMAN, R.L.K., DAWES, G.S., RURAK, D.W., WILDS, P.L. 
(1980) Breathing movements in fetal lambs and the effect 
of hypercapnia. J. Physiol. 302, 19-29. 
CLAPP III, J.F., SZETO, H.H., ABRAMS, R., LARROW, R., MANN, 
L.I., (1980) Physiologic variability and foetal 
electrocortical activity. Am. J. Obstet. Gynecol. 136, 
1045-1050. 
167 
COMLINE, R.S and SILVER, M. (1974) In: Recent Advances in 
Physiology, Nr 9, Edinburgh, J & A Churchill Ltd. pag. 
406. 
DALTON, K.J., DAWES, G.S., PATRICK, J.E. (1977) Diurnal, 
respiratory and other rhythms of fetal heart rate in 
lambs. Am. J. Obstet. Gynecol. 127, 414-424. 
DAWES, G.S., DUNCAN, S.L., LEWIS, B.V., MERLET, C.L., OWEN-
THOMAS, J.В., REEVES, J.T. (1969) Cyanide stimulation of 
the systemic arterial chemoreceptors in fetal lambs. J. 
Physiol. 201, 117-124. 
DAWES, G.S., FOX, H.E., LEDUC, B.M., LIGGINS, G.C., 
RICHARDS, R.T. (1970) Respiratory movements and para­
doxical sleep in foetal lamb. J. Physiol. 210, 47p-48p. 
DAWES, G.S., FOX, H.E., LEDUC, B.M., LIGGINS, G.C., 
RICHARDS, R.T. (1972) Respiratory movements and rapid 
eye movement sleep in the foetal lamb. J. Physiol. 2 2 0, 
119-143. 
DAWES, G.S. (1973) Breathing and Rapid-Eye-Movement sleep 
before birth. In: Foetal and neonatal Physiology. Eds: 
R.S. Comline, K.W. Cross, G.S. Dawes, P.W. Nathanielsz. 
Cambridge University Press, (London), pag. 49-63. 
DAWES, G.S., GARDNER, W.N., JOHNSTON, B.M., WALKER, D.W. 
(1980a) Breathing patterns in fetal lamb after mid-brain 
transection. J. Physiol. 3 08, 29P. 
DAWES, G.S., JOHNSTON, B.M., WALKER, D.W. (1980b) Relation­
ship of arterial pressure and heart rate in fetal, new­
born and adult sheep. J. Physiol. 309 , 405-417. 
DAWES. G.S., VISSER, G.Η.Α., GOODMAN, J.D.S., LEVINE, D.H. 
(1981) Numerical analysis of human fetal heart rate: 
modulation by breathing and movement. Am. J. Obstet. 
Gynecol. 140, 535-544. 
DEHAAN, R., PATRICK, J.E., CHESS, G.F., JACO, N.T. (1977) 
Definition of sleep state in the newborn infant by heart 
rate analysis. Am. J. Obstet. Gynecol. 127, 753-758. 
166 
DEMENT, W. and KLEITMAN, N. (1957) The relation of eye 
movements during sleep to dream activity: an objective 
method for study of dreaming. J. Exp. Psych. 5_3, 339-
Э46 . 
DREYFUS-BRISAC, C. (1970) Ontogenesis of sleep in human 
prematures after 32 weeks of conceptional age. Dev. 
Psychobiol. 2' 91-121. 
DUNNIHOO, D.R. and QUILLIGAN, E.J. (1973) Carotic blood 
flow distribution in the in utero sheep fetus. Am. J. 
Obstet Gynecol. 116, 64Θ-656. 
DURON, B. (1972) La function respiratoire pendant le 
sommeil physiologique. Bull. Physiopath. Resp. 8_, 1031-
1057. 
EGBERT, J.R. and KATONA, P.G. (19β0) Development of auto­
nomic heart rate control in kitten during sleep. Am. J. 
Physiol. 238, H829-H835. 
EIDELBERG, E., KOLMODIN, G.M., MEYERSON, B.A. (1965) 
Ontogenesis of steady potential and direct cortical 
response in foetal sheep brain. Exp. Neurolog. 12, 
198-214. 
FINK, B.R., HANKS, E.G., NGAI, S.H., PAPPER, E.M. (1963) 
Central regulation of respiration during anesthesia and 
wakefulness. Ann. N.Y. Acad. Sci. 109, 892-900. 
FISCHER, G. , SAYRE, G.P., BRICKFORD, R.G. (1957) Histolo­
gic changes in the cat's brain after introduction of 
metallic and plastic coated wire used in EEG. Proc. 
Staff Meet. MayoClin. 32, 14. 
FISCHMANN, E.J., REÍD, R.R., VARGHESE, P.F. (1976) 
Transition from theory to clinical application. In: The 
theoretical basis of electrocardiology. Eds.: Nelson, 
C.K. and Geselowitz, D.B., Oxford, Clarendon Press, p. 
499-540. 
169 
FOLGERING, H.Th.M. and SMOLDERS, F.D.J. (1977) Actions and 
interactions of CO2 and O2 on the control system of the 
lung ventilation. Academic Thesis, Nijmegen. 
GAILLARD, J-M. and KAFI , S. (1978) Brain catecholaminergie 
control of paradoxical sleep: Pharmacological studies. 
In: Pharmacolgy of the states of alertness. Ed: P. 
Passouant. New York: Pergamon Press. 
GEIJN, H.P. van, JONGSMA, H.W., HAAN, J. de, ESKES, 
Т.К.A.B. and PRECHTL, H.F.R. (19вОа) Heart rate as an 
indicator of the behavioral state: studies in the 
newborn and pro-spects for fetal heart rate monitoring. 
Am. J. Obstet. Gynecol. 136, 1061-1066. 
GEIJN, H.P. van, JONGSMA, H.W., HAAN, J. de, ESKES, 
Т.К.A.B. (1980b) Analysis of heart rate and beat-to-beat 
variability: Interval difference index. Am. J. Obstet. 
Gynecol. 1 38, 246-252. 
GOTTSCHALK, L.A., STONE, W.N., GLESER, G.G., IACOMO, J.M. 
(1966) Anxiety levels in dreams: relation to changes in 
plasma free fatty acids. Science 153, 654-656. 
GRAMSBERGEN, Α., SCHWARTZE, P., PRECHTL, H.F.R. (1970) The 
postnatal development of behavioral states in the rat. 
Developmental Psychobiology ¿, 267-280. 
GRAMSBERGEN, A. (1976) The Development of the EEG in the 
rat. Developmental Psychobiology 9^, 501-515. 
GURTNER, G.H., BISSONNETTE, J.M., BURNS, B. (1972) The 
transfer of inert and physiologic gases, ions, neutral 
molecules and tritiated water across the artificially 
perfused sheep placenta. In: Respiratory gas exchange 
and blood flow in the placenta. Eds: L.D. LONGO and H. 
BARTELS. Dept of health, Education and wellfare publica-
tion No(NIH)73-361. pag. 243-256. 
HAAN, J. de (1971) De snelle variaties in het foetale hart 
frequentie patroon. Academie Thesis, Free University 
Amsterdam. 
170 
HARPER, R.M., HOPPENBROUWERS, T., STERMAN, M.B., McGINTY, 
M.B. and HODGMAN, J. (1976) Polygraphie studies of nor­
mal infants during the first six month of life. I. Heart 
rate and variability as a function of state. Pediat. 
Res. J_0, 945-951 . 
HARTMANN, E., BRIDW E L L , T.J., SCHILDKRAUT, J.J. (1971) 
Alpha-methylparatyrosine and sleep in rat. Psychpharma-
col. (Berlin) 21' 157-164. 
HARTMANN, E., and ZWILLING, G. (1976) The effect of alpha-
and fl-adrenergic receptor blockers on sleep in the rat. 
Pharmacol. Biochem. Behav. 5_, 135-138. 
HERMANN, H., JOUVET, M., KLEIN, M. (1964) Etude polygra-
phique du sommeil chez la tortue. C R . Acad. Sci. 258, 
2175-2178. 
HERRINGTON, R.T., HARNEO, H.S., FERREIRO, J.I., GRIFFIN, 
С.Α. (1971) The role of the central nervous system in 
perinatal respiration: Studies of the chemoregulatorу 
mechanisms in the term lamb. Pediatrics 47 , 857-866. 
HEYST, A.N.P. van, (1968) De zuur-base balans in bloed en 
liquor cerebrospinalis. Academic Thesis. Utrecht. 
HILAKIVI, I., MÄKELÄ, J., LEPPÄVUORI, Α., PUTKONEN, P.T.S., 
(1978) Effects of two adrenergic ß-reeeptor blockers on 
the sleep cycle of the cat. Med.Biol., 5_6, 138-144. 
HODES, R. (1964) Ocular phenomena in the two stages of 
sleep in the cat. Exp. Neurol. 9^, 36-43. 
INGVAR, D.H. (1979) Cerebral circulation and metabolism in 
sleep. In: Sleep Research. Eds: R.G. Priest, A. Plet-
scher, J. Ward. MTP Press Ltd. Basle. 13-18 
JACKSON, B.T. and EGDAHL, R.H. (1960) The performance of 
complex fetal operations in utero without amniotic fluid 
loss or other disturbances of fetal-maternal 
relationship. Surgery 48, 564-569 
17 1 
JAMES, E.J., RAYE, J.R., GRESHAM, E.L., MAKOWSKI, E.L., 
MESCHIA, G., BATTAGLIA, F.C. (1972) Fetal oxygen con-
sumption, car bondioxide production and glucose uptake in 
a chronic sheep preparation. Pediatrics _50^ , 361-371. 
JAMES, T.N. (1970) Cardiac conduction system: fetal and 
postnatal development. Am. J. Cardiol. 25_t 213-226. 
JASPER, H.H., BRIDGMAN, C.S., CARMICHAEL, L. (1937) An 
Ontogenetic study of cerebral electrical potentials in 
the guinea pig. J. Exp. Psychol. 2_1_, 63-71. 
JASPER, H.H. and TESSIER, J. (1971) Acetylcholine libera-
tion from Cerebral Cortex during Paradoxical sleep. 
Science 172 , 601-602. 
JOHN, A.H. (1967) Effect of foetal movements on foetal 
heart. J. Obstet. Gynecol. British Commonw. JA' 60-64. 
JONES, B.E. (1972) The respective involvement of noradrena-
line and its de-aminated metabolites in waking an para-
doxical sleep: a neuropharmacological model. Brain Res. 
39, 121-129. 
JONES, B.E., HARPER, S.T., HALARIS, A.E. (1977) Effects of 
locus coeruleus lesions upon cerebral monoamine con-
tent, sleep-wakefulness states and the response to 
amphetamine in the cat. Brain Res. 124, 473-496. 
JONGSMA, H.W., GEIJN, H.P. van, HAAN, J. de (1978) The ana-
lysis of heart rate variability in the perinatal 
period. In: Computerdiagnostik in der Geburtsmedizin. 
Ed: W. Krause. Friedrich Schiller Universität, Jena, pag 
249. 
JONGSMA, H.W., van der WILDT, В., MARTIN jr, C.B. (1980) 
Spectral analysis of EEG, heart rate and tracheal pres­
sure in the fetal lamb. jtb Conference on Fetal 
Breathing. Oxford. 28 june/1 July 1980. PIO. 
JOST, R.G. (1969) The electroencephalogram of the fetal 
sheep. Ph D. Thesis. Yale University. 
JOST, R.G., QUILLIGAN, E.J., SZE-YA YEH, ANDERSON, G.G. 
(1972) Intrauterine Electroencephalogram of the sheep 
fetus. Am. J. Obstet, Gynecol. 114, 535-539. 
172 
JOUVET, M. (1962) Recherches sur le structure nerveuses et 
les. Mechanismes responsables des différentes phases du 
sommeil physiologique. Arch Ital. Biol. 100, 125-206. 
JOUVET, M. (1965) Paradoxical sleep - A study of its nature 
and mechanisms. Progr. Brain Res. _1_£, 20-62. 
JOUVET, M. (1967) Neurophysiology of the states of sleep. 
Physiol Rev. 4J7' 117-177. 
JOUVET, M. (1969) Biogenic amines in the states of sleep. 
Science 163, 32-35. 
JOUVET, M., (1972) The role of monoamines and acetylcho-
line containing neurons in regulation of sleep-waking 
cycle. Ergebn. Physiol. 6i_, 166-175. 
JUNGE, H.D. (1979) Behavioral state and state related heart 
rate and motor activity patterns in the newborn infant 
and the fetus antepartum - A comparative study. J. 
Perinat. Med. 7_, 85-107. 
KAFI , S., BOURAS, C , CONSTANTI NIDI S, J., GAILLARD, J.M. 
(1977) Paradoxical sleep and brain catecholamine in rat 
after single and repeated administration of alpha 
methylparatyrosine. Brain Res. 135, 123-134. 
KAMIYA, J. (1961) Behavioral, subjective and physiological 
aspects of sleep and drowsiness. In: Function of varied 
Experiences. Eds: D.W. FISKE and S.R. MADDI. Homewood, 
III. Dorsey. pp 145-174. 
KATONA, P.G., FRASZ, Α., EGBERT, J. (1980) Maturation of 
cardiac control in full-term and preterm infants during 
sleep. Early Human Development 4/2, 145-159. 
KAYED, K. and GODTLIBSEN, O.B. (1977) Effects of 
fl-adrenoceptor antagonists acebutol and metoprolol on 
sleep patterns in normal subjects. Eur. J. Clin. 
Pharmacol. 12, 323-328. 
KHATRI, I.M. and FREIS, E.D. (1967) Hemodynamic changes 
during sleep. J. Appi. Physiol. 22, 867-873. 
173 
KING, C D . and JEWETT, R.E. (1971) The effects of alpha 
methylparatyrosine on sleep and brain norepinephrine in 
cats. J. Pharmacol. Exp. Ther. 177, 188-195. 
KITTERMAN, J.Α., and LIGGINS, G.C. (1980) Fetal breathing 
movements and inhibitors of prostaglandin synthesis. 
Seminars in Perinat. i_, 97-100. 
KITTERMAN, J.Α., LIGGINS, G.C, FEWELL, J.E., CLEMENTS, 
J.Α., TOOLEY, W.H. (1980) Inhibition of breathing move­
ments in fetal lambs by Prostaglandines. 7tlì Conference 
on Fetal Breathing. Oxford 28 june/1 July 1980, page 21. 
KJELLMER, I., KARLSSON, K., OLSSON, T., ROSEN, K.G. (1974) 
Cerebral reactions during intra-uterine asphyxia in the 
sheep.I. Circulation and oxygen consumption in the fetal 
brain. Pediatric Res. J[, 50-57. 
KLEIN, M. (1963) Etude polygraphic et phylogenètique des 
différents états de sommeil (Thèse de Medicine). Lyon. 
LUTWAK-MANN, С (1955) Carbonic anhydrase in the female 
reproductive tract, occurrence, distribution and hormo­
nal dependence. J. Endocrin. J_3, 26-38. 
MALONEY, J.E., ADAMSON, T.M., BRODECKY, V., GRANAGE, S., 
LAMBERT, T.F., RITCHIE, B.C. (1975) Diaphragmatic acti­
vity and lung liquid flow in the unaesthet ized fetal 
sheep. J. Appi. Physiol. 22' 423-428. 
MALONEY, J.E., CANNATA, J., DOWLING, M., ELSE, W., 
RITCHIE, B. (1977) Baroreflex activity in conscious 
fetal and newborn lambs. Biol. Neonat. Ъ\_і 340-350. 
MANDELL, A.J. CHAFFEY, В., BRILL, P., MANDELL, M.P., 
RODNICK J., RUBIN, R.T., SHEFF, R. (1966) Dreaming sleep 
in man: Changes in urine volume and osmolality. Science 
151, 1558-1560. 
MANN, L.I. (1970) Developmental aspects and the effect of 
carbon dioxide tension on fetal cephalic blood flow. 
Exp. Neurol. 26, 136-147. 
174 
MANN, L.I., CARMICHAEL, Α., DUCHIN, S. (1972) Fetal cere­
brospinal fluid acid-base regulation. Am. J. Obstet. 
Gynecol. 114, 546-552. 
MANN, L.I., DUCHIN, S., WEISS, R.R. (1974) Fetal EEG Sleep 
states and physiologic variability. Am. J. Obstet. Gyne­
col. 119, 533-538. 
MARTIN jr, C.B., MURATA, Y., PETRIE, R.H., PARER, J.T. 
(1974) Respiratory movements in fetal rhesus monkeys. 
Am. J. Obstet. Gynecol. 119, 939-948. 
MARTIN jr, C.B., JONGSMA, H.W., HAAN, J. de, WILDT, B. van 
der, EVERS, J.H.L., DIELEMAN, Α., ARTS, T.H.M. (1980) 
Effects of Autonomic blockade and hypoxemia on FHR 
variability in fetal lambs. 7 t h European Congress of 
Pernatal Medicin. September 2 t h - 5 t h , Barcelona, page 
162. 
MARTIN jr, C.B. (1981) Behavioral states in the human 
fetus. J. Reprod. Med. 2_6, 425-432. 
McGEER, P.L., ECCLES, J.C., and McGEER, E.G. (1978a): Mole­
cular Neurobiology of the Mammalion Brain. Plenum Press, 
New York, 1978, chapter 8. 
McGEER, P.L., ECCLES, J.C., and McGEER, E.G. (1978 b): Mole­
cular Neurobiology of the Mammalion Brain. Plenum Press, 
New York, 1978, chapter 9. 
MERLET, C , HOERTER, J., DEVILLENEUVE, C , TCHOBROUTSKY, 
C. (1970) Mise en évidence du mouvements respiratoires 
chez le foetus d'agneau in utero au cours du dernier 
mois de la gestation. С.R.Acad.Sci. (Paris) 270 , 2462-
2464 . 
MORUZZI, G. (1972) The sleep-waking cycle. Ergebn. 
Physiol. 64, 1-165. 
MUDGE, G.H. (1980) In: Pharmacologie basis of therapeutics. 
Eds. A. GOODMAN GILMAN, L.S. GOODMAN, Α.GILMAN. 6 t h 
Edition pag. 896-899, McMillan, N.Y. 
175 
NAAKTGEBOREN, С. and STEGEMAN, J.H.J. (1969) Untersuchungen 
über den einfluss des Uterus und der Placenta auf das 
fötale Wachstum und das Geburtsgewicht, mit besonderes 
Berücksichtigung des Schafes. z. Tierzucht. Zuchtg. 
Biol. 8_5, 245-290. 
NATALE, R., CLEWLOW, F., DAWES, G.S. (1981) Measurement of 
fetal forelimb movements in the lamb in utero. Am. J. 
Obstet. Gynecol. 140, 545-551. 
NATHANIELSZ, P., BAILEY, Α., POORE, E.R., THORNBURN, G.D., 
HARDING, R. (1980) The relationship between myometrial 
activity and sleep state and breathing in fetal sheep 
throughout the last third of gestation. Am. J. Obstet. 
Gynecol. 138, 653-659. 
NETICK, Α., OREM, J., DEMENT, W. (1977) Neuronal activity 
specific to REM sleep and its relationship to 
breathing. Brain Res. 1 20 , 197-207. 
NUWAYHID, В., BRINKMAN III, C R . , SU, С , BEVAN , J.Α., 
ASSALI, Ν.S. (1975) Development of autonomie control of 
the fetal circulation. Am. J. Physiol. 228, 337-344. 
NIJHUIS, J.G., PRECHTL, H.F.R., MARTIN jГ , C.B., BOTS, 
R.S.G.M., (1982) Are there behavioural states in the 
human fetus? Early Human Development. 6_, 177-195. 
OREM, J., NETICK, Α., and DEMENT, W. (1977) Breathing 
during sleep and wakefulness in the cat. Resp. Physiol. 
30, 265-289. 
OREM, J. (1978) Some observations on breathing during sleep 
in the cat. In: Sleep apneu syndromes. Eds: C. 
Guilleminault and W. Dement. Alan R. Liss Inc. N.Y. 
65-91. 
PATRICK, J.E., DALTON, K.J., DAWES, G.S. (1976) Breathing 
patterns before death in fetal lambs. Am. J. Obstet. 
Gynecol. 125, 73-78. 
176 
PHILLIPSON, E.Α., MURPHY, Ε., KOZAR, L.F. (1976) Regulation 
of respiration in sleeping dogs. J. Appi. Physiol. 40, 
688-693. 
PHILLIPSON, E.A. and SULLIVAN, C.E. (1978) Respiratory 
control mechanisms during NREM and REM sleep. In: Sleep 
Apnea Syndromes. Eds: C. Gui llera inauIt and W. Dement. 
Alan R. Liss Inc. N.Y. 47-64. 
POORE, E.R. and WALKER, D.W. (1980) Chest wall movements 
during fetal breathing in the sheep. J. Physiol. 301, 
307-315. 
PRECHTL, H.F.R. (1968 a) Neurological findings in newborn 
infants after pre- and perinatal complications. In: As­
pects of prematurity and dysmaturity. Ed: J.H.P. 
Jonxis. Stenfert Kroese, Leiden, the Netherlands. 303-
328. 
PRECHTL, H.F.R., AKIYAMA, Y., ZINKIN, P., GRANT, D.K. 
(196в ь) Polygraphie studies of the full-term Newborn: I. 
Technical aspects and qualitative analysis. In: Studies 
in Infancy, Clinics in Developmental Medicine. 2J_, 1-21. 
PRECHTL, H.F.R. (1968 e) Polygraphie studies of the full-
term Newborn: II Computer analysis of recorded data. 
In: Studies in Infancy, Clinics in Developmental Medi­
cine. 2_7, 22-40. 
PRECHTL, H.F.R. (1974) The behavioral states of the newborn 
infant (a review). Brain Res. 7_6.' 185-212. 
PRECHTL,H.F.R., VAN EYKERN,L.A., O'BRIEN,M.J. (1977) 
Respiratory muscle EMG in newborns: a non-intrusive 
method. Early Human Development 1/3, 265-283. 
PRONIN, L.A. (1965) Respiratory movements in utero and 
establishment of respiratory center function in rabbit 
fetuses. Fiziologicheski i Zhurnal SSSR 51, 501-503. 
PURVES, M.J. and JAMES, I.M. (1969) Observations on the 
control of cerebral blood flow in the sheep fetus and 
the newborn lamb. Circ. Res. 25, 651-667. 
PUTKONEN, P.T.S. (1974) Monoamines and the regulation of 
vigilance and sleep. Med. Biol. 52, 193-197. 
1 77 
PUTKONEN, P.T.S. and LEPPÄVUORI , A. (1977) Increase in 
paradoxical sleep in cat after phentolamine, an alpha 
adreno receptor antagonist. Act. Physiol. Scand. 1 00, 
488-493. 
PUTKONEN, P.T.S. and LEPPÄVUORI, A. (1978) Interactions of 
central cholinergic and alpha adrenergic mechanisms in 
control of paradoxical sleep. Neurosci. Lett. (Suppl. 
1), S 336. 
PUTKONEN, P.T.S. (1979) Alpha- and ß-adrenergic mechanisms 
in the control of sleep stages. In: Sleep Research EDS: 
Priest, R.G., Pletscher, Α., Ward, J. MTP Press Ltd. 
Basle, p. 19-34. 
QUILLIGAN, E.J., DUNNIHOO, D.R., ANDERSON, G.G. (1971) 
Effect of elevations of carbon dioxide on fetal carotic 
blood flow. Am. J. Obstet. Gynecol. 109 , 706-715. 
QUILLIGAN, E., CLEWLOW, F., JOHNSTON, B.M., WALKER, D.W. 
(1981) Effect of 5-hydroxytryptophan on electrocortical 
activity and breathing movements in fetal sheep. Am. J. 
Obstet. Gynecol 141, 271-275. 
RALL, T.W., SCHLEIFER, L.S. (1980) In: The pharmacologic 
basis of therapeutics. Ed: A. Goodman Gilman, L.S. 
Gilman, Α. Gilman. 6 t h Edition, 468, McMillan, N.Y. 
REIFFENSCHEID, K. (1911) Über intrauterine im Rythmus der 
Atmung erfolgende Muskelbewegungen des Fötus. 
(Intrauterine Atmung). Pflügers Arch. Ges. Physiol. 140, 
1-16. 
REMMERS, J.E., BAR T L E T T , О., PUTNAM, M.D. (1976) Changes in 
the respiratory cycle associated with sleep. Resp. 
Physiol. 28, 227-238. 
REUSS, M.L. RUDOLPH, A.M., HEYMANN, M.A. (1981) Selective 
distribution of microspheres injected into the umbilical 
veins and venae cavae of fetal lambs. Am. J. Obstet. 
Gynecol. 141, 427-432. 
178 
ROBIN, E.D., WHALEY, R.D., CRUMP, C.H., TRAVIS, D.M. (1958) 
Alveolar gas tensions, pulmonary ventilation and blood 
pH during physiological sleep in normal subjects. J. 
Clin. Invest. 21' 981-989. 
ROFFWARG, H.P., MUZIO, J.N., DEMENT, W.C. (1966) Ontogene­
tic development of human sleep-dream cycle. Science 152, 
604-619. 
ROSEN, M.G., SCIBETTA, J.J., HOCHBERG, C.J. (1970) Human 
fetal electroencephalogram. Obstet. Gynecol. J_6, 132-
140. 
ROUSSEL, В., BUQUET, Α., BOILLIER, P., JOUVET, M. (1967) 
Locus coeruleus, sommeil paradoxal, et noradrenaline 
cérébrale. C.R.Soc.Biol. (Par is) 161, 2537. 
RUCKEBUSCH, Y. (1972) Development of sleep and wakefulness 
in fetal lamb. Electroenc. Clin. Neurophysiol. 2_2, 119-
128 . 
RUCKEBUSCH, Y., GAUJOX, M., EGHBALI, В. (1977) Sleep cycles 
and kinesis in the foetal lamb. Electroenc. Clin. Neuro­
physiol. 4_2, 226-237. 
RUDOLPH, A.M. and HEYMANN, M.A. (1973) Control of fetal 
circulation. In: Fetal and neonatal Physiology. Eds: 
R.S. Comline, K.W. Cross, G.S. Dawes, P.W. Nathanielsz. 
Cambridge University Press, (London), pag. 89-111. 
SADOVSKY, E. and POLISHUK, W.Z. (1970) Fetal movements in 
utero. Obstet. Gynecol. 50, 49-55. 
SAYERS, B.Mc.A. (1973) Analysis of heart rate variability. 
Ergonomics 16, 17. 
SIASSI, В., HODGMAN, J.E., CABAL, L., HON, E.H. (1979) 
Cardiac and respiratory activity in relation to 
gestation and sleep states in newborn infants. Ped. 
Res. 13, 1163-1166. 
SHINEBOURNE, E.A., VAPAAVOURI, E.K., WILLIAMS, R.L., 
HEYMANN Μ.Α., RUDOLPH, A.M. (1972) Development of 
baroreflex activity in unanaesthetized fetal and 
neonatal lambs. Circulation Res. 31, 710-718. 
179 
SNYDER, F. (1966) To an evolutionary theory of dreaming. 
Am. J. Psych. 123, 121-142. 
SNYDER, F.F. (1949) Obstetric analgesia and anaesthesia; 
Their effects upon labor and child. W.B. Saunders Com­
pany Philadephia. p.29-63. 
SNYDER, F.J. HOBSON, Α., MORRISON, D.F., GOLDFRANK, F. 
(1964) Changes in respiration, heart rate and systolic 
blood pressure in human sleep. J. Appi. Physiol. 19, 
417-422. 
SNYDER, S.H. (1980) Brain peptides as neurotransmitters. 
Science 209, 976-982. 
STARKE, K. (1977) Regulation of noradrenaline release by 
presynaptic receptor systems. Rev. Physiol. Bioch. Phar­
macol . 7_7 , 1-13. 
STERMAN, M.B. and HOPPENBROUWER, T. (1971) The development 
of sleep-waking and rest activity patterns from fetus 
to adult in man. In: Brain development and behaviour. 
Eds: M.R. Steeman, D.J. McGinty and A.M. Adinolfi. Aca­
demic Press. N.Y. 203-227. 
STERN, W.C. and MORGANE , P.J. (1974) Theoretical view of 
REM sleep function: maintenance of catecholamine systems 
in CNS. Behav. Biol. _1_1_, 1-13. 
SVENSSON, Т.Н., BUNNEY, B.S., AGHAJANIAN, G.K. (1975) 
Inhibition of both noradrenergic and serotonergic 
neurons in brain by the alpha adrenergic agonist 
Clonidine. Brain Res. 92, 291. 
THEORELL, K., PRECHTL, H.F.R., BLAIR, A.W., LIND, J. (1973) 
Behavioral state cycles in normal newborn infants. 
Development Med. and Child Neurology 15, 597-605. 
TIMOR-TRITSCH, I.E., DIERKER, L.J., HERTZ, R.H., DEAGAN, 
R., ROSEN, M.G. (1978) Studies of antepartum behavioral 
state in the human fetus at term. Am. J. Obstet. 
Gynecol. 132, 524. 
180 
TIMOR-TRITSCH, I.E., DIERKER, L.J., HERTZ, R.H., ZADOR, I., 
ROSEN, M.G. (1979) A technique for non-invasive monito­
ring with the use of a tocodynamometer. Biol. Neon. 3 6, 
18-24. 
TIMOR-TRITSCH, I.E., DIERKER, L.J., HERTZ, R.H., CHΙК, L·., 
ROSEN, M.G. (1980) Regular and irregular human fetal 
respiratory movement. Early Human Development, 4^ , 315-
324 . 
TOWELL, M.E. and SALVADOR, H.S. (1974) Intrauterine asphyx­
ia and respiratory movements in the fetal goat. Am J. 
Obstet. Gynecol. 118, 1124-1131. 
VALATX, J.L., JOUVET, D., JOUVET, M. (1964) Evolution elec­
troencephalograph ique des différents états de sommeil 
chez le chaton. Electroenc. Clin. Neurophysiol. 17, 
21 8-233. 
VAPAAVOURI, E.K., SHINEBOURNE, E.A., WILLIAMS, R.L. HEYMAN, 
M.Α., RUDOLPH, A.M. (1973) Development of cardiovascular 
responses of autonomic blockade in intact fetal and neo­
natal lambs. Biol. Neonate 22^, 177-188. 
VISSER, G.Η.Α., DAWES, G.S., REDMAN, C.W.G. (1981) Numeri­
cal analysis of the normal human antenatal fetal heart 
rate. British J. Obstet. Gynaecol, вв^, 792-802. 
WALKER, D.W., DAWES, G.S., GARDNER, W.N., JOHNSTON, B.M. 
(1980) Breathing patterns and cardiovascular changes in 
fetal lambs after mid brain transection. 7t'1 Conference 
on Fetal Breathing. Oxford 28 june/1 July, 1980, pag. 
22. 
WEINER, N. (1980) In: The pharmacologic basis of 
therapeutics. Ed: A. Goodman Gilman, L.S. Goodman, A. 
Gilman. 6 t h Edition, Ch. 7, McMillan, N.Y. 
WHEELER, T., GENNSER, G., LINDVALL, R., MURRILS, A.J. 
(1980) Changes in the fetal heart rate associated with 
fetal breathing and fetal movements. Brit. J. Obstet. 
Gynaecol. 87, 1068. 
181 
WIKBERG, J.E.S. (1978) Pharmacological classification of 
adrenergic alpha receptors in the guinea pig. Nature 
(London) 273, 164-166. 
WILDS, P.L. (1978) Observations of intrauterine fetal 
breathing movements - A review. Am. J. Obstet. Gynecol. 
131, 315-338. 
WILDT, B. van der, JONGSMA, H.W., MARTIN jr, C.B. (1981) 
Effect of electrocortical activity state and breathing 
movements on heart rate and variability in fetal lambs. 
Society for Gynecologic Investigation, 28th Annual 
Meeting St. Louis, pag. 76. 
WILLIAMS, R.L., HOF, R.P., HEYMAN, M.A., and RUDOLPH, A.M. 
(1976) Cardiovascular effects of electrical stimulation 
of the forebrain in the fetal lamb. Pediat. Res. 10, 
40-45. 
WILSON, P.C., LEVY, L.F., SPIES, S., CHADWICKE, J. (1979) 
Technique of fetal electroencephalography during 
labour. Brit. J. Obstet. Gynecol. 96_
r
 266-268. 
WOODS, J.R., DANDAVINO, Α., MURAYAMA, K., BRINKMAN III, 
C.R., ASSALI, N.S. (1977) Autonomic control of cardio­
vascular functions during neonatal development and in 
adult sheep. Circ. Res. i0_, 401-407. 
182 
APPENDIX 
TABLE A.I Difference in mean RR intevoal durations during 
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TABLE A.II Mean RR interval durations with and without 
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TABLE Α. V Mean RR interval dvration during LV ECoG with and 








































































TABLE A. VII ITI index with and without fetal bveathing 




































TABLE A. VIII LTI index during LV ECoG with and without 



































TABLE A.IX ID index in LV ECoG with and without fetal 




































TABLE Α.X Mean RR ъпЬе аЪ durations during successive 
periods of HV, LV without fetal breathing move­




























































TABLE Α.XI ID index during successive periods of HV, LV 
without fetal breathing movements and LV with 




























































TABLE Α.XII LTI index during successive periods of Н
 3 LV 
without fetal· breathing movements and LV with 



























































TABLE Α.XIII Mean RR interval durations during HV and LV 
with fetal breathing movements over the gesta­
























TABLE A.XIV Mean RR interval durations during ECoG states 


























TABLE Α.XV Interval difference index during ECoG states 

























TABLE A.XVI Long term irregularity index during ECoG states 
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